“4 

‘ 

4 
4 
4 
4 
; 
; 
: 
> 
4 
4 
2 
3 
A 4 3 

t 
$ q 

t 


Notice to Subscribers 
Beginning with volume 127 The Journal of Biological Chemistry will be 
issued in five volumes a year. The subscription price will be $4.50 per 
volume, $22.50 per year, to subscribers in the United States, Canada, 


and the postal union; $4.75 per volume, $23.75 per year, to those in _ 4 


other countries. Each volume will consist of approximately 800 pages, 

The new price, which represents a slight increase over the present 
subscription rate, has been found necessary, since the reduction in the 
subscription price from $5.00 to $4.00 per volume, started with volume 
117, has resulted in a financial loss. The Journal aims to serve the 
science of biological chemistry without financial profit and the subscrip- 
tion price is adjusted so as to cover approximately the cost of printing and 
office expense. 


The Editorial Committee and the Editors hope that the new arrange- | | 


ment will be of convenience to all subscribers, since it establishes a definite 
_ yearly subscription rate. 
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STUDIES ON ENZYME ACTION 


LI. THE PHOSPHATASE ACTIONS OF TISSUES OF NORMAL 
AND RACHITIC RATS 


By JOSEPH TRUHLAR, LEON DREKTER, GRACE McGUIRE, anon 
K. GEORGE FALK 


(From the Laboratory of Industrial Hygiene, Inc., New York) 
(Received for publication, October 21, 1938) 


In an earlier paper (1), the lipase actions on a number of esters 
of extracts of tissues of normal and rachitic rats were presented. 
The actions of the liver and kidney extracts of the normal and the 
rachitic rats were essentially similar, but with the lung extracts 
the types or “pictures’’ of the actions on the esters were not the 
same. Phosphatase action may be considered as a group of the 
more inclusive term “‘lipase action.’”? In this paper, the results 
obtained in a study of such phosphatase action will be presented. 

No attempt will be made to cover the literature pertaining to 
studies along similar lines. Reference must be made, however, 
to the recent paper by Bodansky (2) in which the results of such a 
related study were presented and discussed from various points 
of view. 


EXPERIMENTAL 


Enzyme Extracts—The tissues were obtained from (1) rats fed a 
normal diet, (2) rats made rachitic by being bred from parents 
fed a deficient diet and then themselves fed Steenbock Ration 
2965 (3) for 28 to 32 days. The rats were killed with chloroform; 
the kidneys, lungs, livers, and hearts of a group of from four to 
twelve animals were dissected out, ground with sand, and water 
added in a proportion of 300 cc. to 4 gm. of tissue. Toluene (1 ce. 
to 100 cc. of mixture) was added; the mixture allowed to stand at 
room temperature overnight, and filtered through paper. Whole 
rat extracts were prepared similarly except for the use of a meat 
grinder in place of grinding with sand. For the enzyme experi- 
ments, in order to obtain satisfactory colorimetric readings, 8 cc. 
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each of liver, lung, heart, and whoie rat extracts and 1 ec. por- 
tions of kidney extracts were used. 

IXay’s method (4) with both sodium glycerophosphate and cal- 
cium hexosediphosphate! at pH 7.6 for 48 hours and Bodansky’s 
method (5) with sodium 8-glycerophosphate at pH 8.6 for 1 hour 
were used. The method described by Kay for plasma was used 
for the rat tissue extracts. 


Results 


In Kay’s method pH 7.6 was adopted in place of the 8.9 which 
has been used in a number of investigations. No attempt was 
made here to attain maximum action for a tissue extract by chang- 
ing the pH or by adding various substances. A comparison of 
the phosphatase actions of the various extracts was in view. The 
study may perhaps be considered from the point of view of the 
system as a whole rather than as purely enzymic actions. It was, 
therefore, considered preferable to measure these actions with the 
materials under conditions of extraction as nearly comparable as 
feasible rather than modify the actions by added substances. The 
latter procedure would be a separate study. The estimation of 
the total nitrogen in the various extracts obtained by the Kjeldahl 
method are presented in Table I. 3 

The variations in the nitrogen contents of the tissue extracts 
do not seem unusual. The tissues of the normal and of the rachitic 
rats behaved similarly in so far as the total nitrogen of the extracts 
was concerned. ‘The ages of the normal animals (35 to 270 days) 
exerted no apparent influence; the ages of the rachitic animals 
ranged from 54 to 61 days. 

The results of the phosphatase estimations are presented in 
Table II. The ages of the normal animals are not given in the 
groups of the results, since they did not appear to influence the 
enzyme determinations in any systematic way. 

The first fact which appears in these results is the unexpected 
variation which occurred in the actions of some of the extracts of 
any one tissue. Each extract was prepared from material from 
four to twelve rats, so that the possibly exceptional behavior of 
one animal is ruled out. Attempts were made to maintain the 


1 Thanks are due to Dr. Kenneth C. Blanchard of Washington Square 
College, New York University, for the calcium hexosediphosphate used in 


this investigation. 
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conditions for the living animals, for the preparation of enzyme 
| material, and for the enzyme test as uniform as possible, but no 
i attempts were made to obtain increased or retarded actions or so 
called optimum actions by the addition of various substances. 
In Table III are presented the average values of the actions 
' given in detail in Table II, and in each case in parentheses, the 
number of experiments upon which that average is based. 

The conclusions to be drawn from the results presented in 
Tables II and III may be given briefly. The absolute values, 
including the averages and also the ranges, of the actions are much 
the same for the normal and the rachitic rats. These similar 


; actions are of special interest because of the considerable variation 
| TaBLe I 
Nitrogen Contents of Rat Tissue Ertracts 
N per ce. extract 
. No. of 
Rat tissue 
t t 
| estimations 
| 18 0.11-0.22 | 17.9 
whole rat....... 13 | 0.11-0.16 | 14.0 
Rachitic, liver. 0.15-0.25 | 19.4 
5 | 0.18-0.24 | 20.8 
4 0.09-0.19 | 14.3 
found at times in the sets of results for any one tissue (Table II), 
but they are unmistakable. The differences observed in two cases, 


‘ liver and whole rat by the Kay method with sodium glycerophos- 
phate, cannot be stressed because of their small intrinsic values 
and are possibly more apparent than real. The ratios of the ac- 
tions by the Kay method on the two phosphoric esters, sodium 
glycerophosphate to calcium hexosediphosphate, are as follows: 


Liver Whole rat Heart | Lung 


0.65 0.62 0.94 
0.56 0.85 0.60 | 0.95 


Normal] 0.64 
Rachitic | 0.64 | 
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The large values for the ratio of the lung are of interest. This 
signifies that, under the given conditions of testing, the actions of 
the lung extracts on the two esters were much the same, but that 
with the other tissues, under these same conditions, the actions on 
calcium hexosediphosphate were in the neighborhood of 50 per 
cent greater than on sodium glycerophosphate. ‘The somewhat 


TABLE II 


Phosphatase Actions of Extracts (4 Gm. per 300 MI. of Water) of Tissues of 
Normal and of Rachitic Rats by Kay Method (with Sodium Glycero- 
phosphate and Calcium Hexosediphosphate As Substrates) and by 
Bodansky Method (with Sodium Glycerophos phate 

As Substrate) 


P liberated per ml. of tissue extract 


Rachitic rats 


Normal rats 


| | No. of | | No. of 
Average Range estima- Average Range estima- 
tions _ tions 
Kay method. Substrate, sodium glycerophosphate 
mg. | mg. | | mg. | mg. 
Liver 0.014,' 0.005-0.009 7 0.019, 0.014-0.019 6 
0.010-0.014 5 0.020-0.024 6 
| 0.015-0.019; 5 | 0.026 
| | 0.026 | 
Kidney 0.569, <0.450 | 2 |0.550,| <0.450 
0.450-0.520 8 | 0.450-0.500 2 
0.650-0.710 6 0.500-0.540 2 
>0.710 oe 0.580-0.650 7 
| | >0.750 
Lung 0.045,' 0.027-0.035 | 2 (0.042; 0.033-0.035 2 
| 0.040-0.045 8 0.036-0.045 2 
0.050-0.055 0.045-0.047 5 
>0.055 tae >0.052 
Whole rat | 0.024, 0.009-0.014 3 0.032,) 0.018 
| 0.015-0.020 5 | 0.025 
0.035-0.038 
| 0.0400.048 3 | | 
Heart 0.0239 0.007 |0.0240, 0.006 
0.010 0.022 
| 0.052 l 0.024-0.028 5 
| 0.031 
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lower ratio for normal liver and the higher ratio for rachitic whole 
rat (less than those for the lung, however) are probably more 


apparent than real, as already indicated. 
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TABLE II—Concluded 
P liberated per ml. of tissue extract 
Normal rats Rachitic rats 
| Average | Range | Average Range 
| | tions tions 
Kay method. Substrate, calcium hexosediphosphate 
mg. mg. mg. mg. 
Liver 0.037, 0.033 3 0.0360 0.028 l 
| 0.033-0.034 2 
0.036-0.039 10 
| 0.045 | 
Kidney 0.895, 0.521 | 1 |0.854,; 0.566 
| 0.640-0.800 5 0.750-0.850 
 0.800-0.920 7 0.910-0.950 3 
1.000-1.200|; 4 1.000-1.060 
| | 1.681 | 
Lung 0.045-0.049 6 0.045, 0.036 
| | 0.050-0.055 | 8 | 0.041-0.045 3 
| 0.057 0.046-0.050 6 
Whole rat 0.037, 0.024 0.038, 5 
|  0.031-0.043 | 12 0.040-0.042 3 
0.056 | 
Heart 0.037 0.037 2 0.0400 0.036-0.040 5 
| | | 0.043-0.046 
Bodansky method. Substrate, sodium glycerophosphate 
Liver (0.004, O -0.019' 6 0.005; 0.001-0.019 10 
Kidney 0.175, 0.078 1 | 0.176,! <0.050 | 2 
| | 0.120-0.200; 2 | 0.100-0.150 
| | 0.200-0.235 | 3 | 
Lung (0.0445 | 1 |0.042;; 0.032-0.037 | 2 
| -0.040-0.045 | 2 -0.044-0.049 5 
0.050-0.056 | 2 | | | 
Whole rat 0.025; 0.013 | 0.030; 0.012-0.017; 2 
| 0.0238-0.024 | 2 | 5 
| 0.041 | 
Heart 0.023; 0.018-0.027 | 3 <0.010 | 2 
| | 0.025-0.0385 5 
| 0.070 


> 
; 
g 
3 
4 
i 
> 


350 Studies on Enzyme Action. LI 


The comparative action of the various tissue extracts on the 
same substrate (sodium glycerophosphate) by the two methods 
(Kay and Bodansky) are of interest. The amounts of hydrolysis 
were much the same for the lung, whole rat, and heart extracts. 
On the other hand, the Kay method gave larger actions than the 
Bodansky method with liver and kidney extracts. ‘The liver ex- 
tracts gave only very small actions by the Bodansky method, so 
that they are of no practical or scientific interest at the present 
time. As for the kidney extracts, the actions obtained by the 


TABLE III 
Averages of Phosphatase Actions of Tissues of Normal and of Rachitic Rats 
Shown in Detail in Table I] 


Kay method Bodansky method, 


| sodium 

Sodium Calcium giycerophosphate 

| | giycerophosphate hexosediphosphate 
mg. mg. mg. 

Normal 0.014(21) 0.038 (18) 005 (6) 
: Rachitic 0 .020(13) 0.036 (13) ).006 (10) 
Normal 0.046(17) 0.049(15) ».044 (5) 
Rachitic 0.043(10) 0 .045(10) (7) 
Kidnev Normal 0.570(18) 0.896(18) .176 (6) 
Rachitic 0.550(14) 0.854(12) .176(10) 
Normal 0 .024(14) 0.037 (14) ).025 (4) 
Rachitiec 0.033 (8) 0.039 (8) .030 (7) 
or Normal 0.023 (3) 0.037 (2) .023 (3) 
Rachitic 0.024 (8) 0.040 (8) .027 (8) 


The figures in parentheses represent the number of experiments in- 


cluded in the average. 


Bodansky method are about one-third of the actions obtained by 
the Kay method. ‘These actions by the Bodansky method, how- 
ever, are quite large. In many cases, therefore, for materials such 
as kidney, etc., the Bodansky method might be preferable because 
of the shorter time of action and presumably smaller secondary 
actions. The magnitudes of the actions on calcium hexosediphos- 
phate were in all cases equal to, or greater than, the actions on 
sodium glycerophosphate, both by the Kay method, under the 
given conditions of testing. 

The results of Kay (6) indicated that the phosphatases of differ- 
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ent tissues and serum are probably identical, while Bodansky (2) 
has presented considerable evidence on this point. The latter 
discussed this phase of the problem in detail and showed differ- 
ences between intestinal phosphatase and bone and kidney phos- 
phatase when various substances such as taurocholic, ete., acids 
were added to the enzyme-acting mixtures. The results presented 
in the present paper do not add directly to this phase of the 
general problem. 


SUMMARY 


The phosphatase actions of the lung, liver, kidney, heart, and 
whole rat extracts of normal and rachitic rats were determined by 
the Kay method on sodium glycerophosphate and calcium hexose- 
diphosphate and by the Bodansky method on sodium glycero- 
phosphate. 

No difference in actions was observed between the normal and 
rachitic animal preparations. 

The relative actions or the ratio of the actions on the two esters 
under the given conditions differed in the case of the lung extracts 
from the ratios with extracts of the other tissues both for the 
normal and the rachitic animals. 
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THE ACTION OF VANADIUM ON THE OXIDATION OF 
PHOSPHOLIPIDS BY CERTAIN TISSUES* 


By FREDERICK BERNHEIM ann MARY L. C. BERNHEIM 


(From the Departments of Physiology and Pharmacology and Biochemistry, 
Duke University School of Medicine, Durham, North Carolina) 


(Received for publication, November 16, 1938) 


Vanadium salts can act as catalysts in the oxidation of certain 
organic compounds, for instance aniline (2). Vanadium is found 
according to Spiro (3) in most animal tissues and it accumulates 
in the liver when added to the diet (4). It is therefore possible 
that the vanadium which is absorbed in small amounts in the food 
may have a metabolic function. Indications that vanadium may . 
affect metabolism are given in the work of Lyonnet, Guinard, 
Martz, and Martin (5), Jackson (6), and Martin (7). The effect 
of vanadium on enzymes has been studied by Neuberg and Kobel 
(8) who showed that it accelerated the hydrolysis of hexosediphos- 
phoric acid by yeast extracts, and by Lyonnet (9) who demon- 
strated an inhibiting action on trypsin and pepsin. More re- 
cently vanadium has been shown to play a part in the nitrogen 
assimilation of Azotobacter (10). The pharmacology of vanadium 
salts has been studied by Priestley (11), Jackson (6), Fournier, 
Levaditi, and Schwarz (12), and Levaditi (13). Henze (14) 
demonstrated vanadium in certain cells of ascidians. Because of 
its catalytic action on oxidations it was of interest to try its effect 
on the oxygen uptake of various tissues. 


EXPERIMENTAL 


The tissues of the rat and guinea pig were used. They were 
chopped with scissors, ground with sand in a mortar after the addi- 
tion of 0.05 Mm phosphate buffer of pH 6.7, and squeezed through 
muslin. If 20 to 40 micrograms of vanadium as sodium metavana- 
date or as vanadium acetate were added to these tissue suspen- 


* A preliminary account has appeared (1). 
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sions, the oxygen uptake of liver was greatly increased, that of 
kidney slightly increased, and that of brain unaffected. The livers 
of the rat or guinea pig were therefore used in the following experi- 
ments and the effect of vanadium on the oxygen uptake of rat 
liver is shown in Fig. 1. As there was little or no increase in the 
carbon dioxide production of the liver, it appeared that vanadium 
was catalyzing the first stages of the oxidation of some substance 
in the liver. In order to study the mechanism of this catalysis 
the following experiments were done. 


200 


160 - 


120- 


i. 


Fic. 1. The oxygen uptake of rat liver suspension at pH 6.7 and 37°. 
Curve A, with 0.1 mg. of sodium metavanadate; Curve B, control. 


When the liver suspension was centrifuged at pH 6.7, the pro- 
teins which were insoluble under these conditions could be separ- 
ated. This insoluble fraction contained a large number of the 
active oxidative catalysts but because the soluble substrates had 
been washed away a suspension of this fraction took up very little 
oxygen. After the first washing the oxygen uptake was only about 
25 per cent of that of the original liver suspension and the vana- 
dium effect had diminished correspondingly. After the third or 
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fourth washing both the oxygen uptake and the vanadium effect 
had disappeared. If a liver suspension was dialyzed overnight 
in the ice box, its oxygen uptake was greatly diminished because 
of the loss of dialyzable substrates but the effect of vanadium was 
still about 70 per cent as great as in the original fresh liver suspen- 
sion. These experiments suggest that the substance which is 


2 3 HOURS | 2 3 
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Fig. 2. The oxygen uptake of washed guinea pig liver in the presence of 
various phospholipids with and without vanadium at pH 6.7 and 37°. 
The oxygen uptakes of the controls without phospholipids are subtracted 
from each curve. Curve 1, liver and 5.0 mg. of soy bean lecithin; Curve 2, 
liver and 2.5 mg. of alcohol extract of guinea pig liver precipitated with 
acetone; Curve 3, liver and 2.5 mg. of soy bean lecithin; Curve 4, liver, 
0.1 mg. of sodium metavanadate, and 5.0 mg. of soy bean lecithin; Curve 
5, liver, vanadate, and 2.5 mg. of soy bean lecithin; Curve 6, liver, vana- 
date, and 2.5 mg. of guinea pig liver extract; Curve 7, vanadate and 5.0 
; mg. of soy bean lecithin. 


oxidized in the presence of vanadium is only slowly dialyzable and 
that it is probably a large molecule or is attached to a protein 
| which is soluble under the conditions of washing described above. 
| The washings of the liver suspension were precipitated with 80 
| per cent alcohol, the proteins filtered off, and the filtrate evapo- 
rated free of alcohol. The fatty suspension remaining contained 
the substrate the oxidation of which was catalyzed by vanadium 


A 

40 
| 

4 


356 Action of Vanadium on Oxidation 


in the presence of the liver protein. The suspension was evapo- 
rated to dryness, taken up in an alcohol-ether mixture, and pre- 
cipitated with acetone. The resulting mixture of phospholipids 
when dissolved in buffer and added to the washed liver protein 
and vanadium was rapidly oxidized, but added to the protein 
alone was oxidized slowly. The vanadium alone had little or no 
effect. 

Fig. 2 shows the oxidation of liver phospholipids by washed liver 
protein with and without vanadium compared to soy bean phos- 
pholipids. The latter were supplied by the Glidden Company 
and precipitated several times from an alcohol-ether mixture by 
acetone. The liver protein was prepared by washing guinea pig 
or rat liver suspensions made from 10 gm. of liver four times with 
50 ec. of buffer of pH 6.7 and making the final suspension up to 15 
cc. with buffer of pH 6.7. The sodium metavanadate was made 
up In a concentration of 1.0 mg. per ec. Each Warburg vessel 
contained 0.5 ec. of protein suspension, 0.1 ec. of vanadate solu- 
tion, a suitable amount of phospholipid, and buffer was added to 
make the final volume 2.0 cc. Fig. 2 shows that the oxygen up- 
take was a function of the phospholipid concentration. The 
uptake was independent within limits of the vanadium and pro- 
tein concentrations. The oxidation of amino acids, amines, al- 
cohol, aldehyde, lactate, succinate, fumarate, pyruvate, glucose, 
citrate, glycerol, choline, and the lower fatty acids was not affected 
by vanadium. Fig. 3 shows the effect of vanadium on the oxida- 
tion of soy bean cephalin by washed rat liver. The cephalin frac- 
tion of the soy bean phospholipids is oxidized by the liver protein 
alone more rapidly than the lecithin fraction and the vanadium 
effect is therefore not so great. 

Phospholipids extracted from heart and brain by alcohol-ether 
mixtures and precipitated by acetone are oxidized. Phospho- 
lipids from egg are very slowly oxidized in comparison with those 
from brain. According to Rae (15) egg contains mostly 6-leci- 
thins, whereas brain contains mostly a-lecithins. This suggests 
that the juxtaposition of the two fatty acids allows the oxidation 
by the vanadium system to proceed more rapidly. The constit- 
uent parts of the lecithin molecule are not attacked under the 
conditions of these experiments except for certain fatty acids 
such as oleic, stearic, and palmitic acids, which, although not 
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oxidized by the liver protein alone, are oxidized very slightly in 
the presence of the vanadium (Fig. 3, Curve 3). This indicates 
that the oxidation takes place in the fatty acid part of the phos- 
pholipid. 

That the fatty acid part of the molecule is attacked is shown in 
Table I. At the end of the oxidation the proteins were precipi- 
tated by 80 per cent alcohol and filtered off. The filtrate was 
evaporated to dryness and taken up in 10 ce. of chloroform and the 
double bonds estimated by the method of Yasuda (16). When 
vanadium is added to the untreated liver suspension, there is an 
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Fic. 3. The oxygen uptake of washed rat liver and 5.0 mg. o. soy bean 
cephalin with (Curve 1) and without (Curve 2) 0.1 mg. of sodium meta- 
vanadate. Curve 3, the oxygen uptake of washed guinea pig liver, 0.1 mg. 
of vanadate, and 5.0 mg. of sodium oleate. Without vanadate the oleate 
is not oxidized by the liver. The respective controls are subtracted from 
each curve. pH 6.7 and 37°. 


increase in the number of double bonds over that in the control. 
The vanadium, however, when added to the washed protein and 
phospholipid caused a marked decrease in double bonds in the 
added phospholipid. These facts indicate that vanadium is caus- 
ing both an increased dehydrogenation of the fatty acid and an 
oxidation of the double bond. In the untreated liver the dehy- 
drogenation predominates; in the washed protein-phospholipid 
system the oxidation of the double bond predominates. In 
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both cases probably the change measured is the algebraic sum of 
the two processes. 

If crystallized rat hemoglobin is added to phospholipids at pH 
6.7, a definite oxygen uptake occurs. This is greatest for soy 
bean lecithin, less for soy bean cephalin, and still less for liver 
lecithin. During this catalytic oxidation of the phospholipids 
the hemoglobin is rapidly converted to methemoglobin. Vana- 
dium has no effect on this oxidation, which shows that traces of 
hemoglobin which may remain in the washed liver preparations 
play no part in the vanadium effect. Moreover, liver and soy 
bean lecithin are oxidized equally readily by the vanadium- 


TABLE 
Change in Relative Number of Double Bonds of Phospholipids after Oxidation 
in Presence of Guinea Pig Liver and Vanadium 
The figures are given in cc. of 0.02 N thiosulfate and are proportional to 
the number of double bonds present. pH 6.7, 37°. 


0.02 n 


Tissue thiosulfate 

ec. 
0.2 cc. untreated liver suspension...........................) 1.13 
+ 0.1 mg. vanadate. .... 2.58 
+ 0.1 mg. vanadate...... 2.62 
os * + liver phospholipid............| 3.75 
0.5 + “<< + 0.1 mg. 


protein system but the hemoglobin-catalyzed oxidation rates are 
different. 

Oxidation of the soy bean lecithin by the vanadium-protein 
system is inhibited 70 per cent by 0.0025 m KCN and 90 per cent 
by 0.005 m KCN. Pyrophosphate in concentrations of 0.25 to 
0.5 per cent caused a 20 to 30 per cent, and 1.0 per cent sodium 
fluoride a 10 to 20 per cent inhibition. 0.0001 mM p-aminophenol 
inhibited the oxidation completely. 0.0002 mM aminopyrine in- 
hibited 50 per cent, but 10 times this amount of antipyrine had no 
effect. The oxidation of soy bean lecithin by hemoglobin is 
accelerated, after a short initial inhibition, by fluoride, which 
again differentiates the hemoglobin from the vanadium-protein 
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catalysis. The fluoride acceleration of the former is possibly 
eaused by the formation of fluoride methemoglobin. The vana- 
dium-protein catalysis decreases rapidly with increase of pH, for 
at pH 7.8 the oxidation rate is only 30 per cent of that at pH 6.7. 
The catalysis by hemoglobin is increased slightly by increasing 
| the pH from 6.7 to 7.8. 


DISCUSSION 


Although vanadium is considered a rare metal because of the 
relatively few commercially workable deposits, it is according to 
Mellor (17) more abundant in the earth’s crust than lead, copper, 
or nitrogen and is found in most plant and animal tissues in small 
concentrations. Since it is known to be catalytically active in 
various oxidations, it is possible that it plays such a role in the 
body, particularly in the liver where it is found in greatest con- 
centration. Under the conditions of the experiments described 
above the vanadium salts have by themselves little or no catalytic 
: activity. It is only when a suitable protein is also present that 
| they become active in the oxidation of phospholipids but of none 
| of the other substances tried. The fact that the protein prepara- 
tion without added vanadium shows some ability to oxidize the 
phospholipids may indicate the presence of small amounts of vana- 
dium still attached to the protein and that vanadium-protein com- 
plexes are normally active in this oxidation. 

It is interesting that p-aminophenol and aminopyrine inhibit 
the oxygen uptake of liver suspensions much more effectively at 
pH 6.7 than at 7.8 and that the vanadium effect is greatest at 
pH 6.7, and that these drugs inhibit the effect of added vanadium. 
The action of the drugs is much less on the uptake of kidney 
and brain and the vanadium effect is much less on these organs. 
These parallelisms suggest that the inhibiting effect of these drugs 
on the oxygen uptake of tissues may be due to their inactivation 
of a vanadium-catalyzed oxidation normally functioning in those 
tissues. 


SUMMARY 


1. 20 to 40 micrograms of vanadium added as sodium meta- 
, vanadate or vanadium acetate to rat or guinea pig liver suspen- 
sion at pH 6.7 increase the oxygen uptake. Under the same con- 
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ditions the uptake of kidney is slightly increased but that of brain 
is not affected. 

2. If phospholipids are added to a thoroughly washed liver 
suspension and vanadium, a rapid oxygen uptake occurs. Vana- 
dium alone has no appreciable effect and the suspension alone 
oxidizes the phospholipid slowly. No other substrate was found 
to be oxidized by the vanadium-protein system. 

3. The oxidation occurs in the fatty acid part of the phospho- 
lipid. 

4. The properties of the oxidation are described. 

5. Hemoglobin catalyzes the oxidation of phospholipids to a 
certain extent. This catalysis is not affected by vanadium. 
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DELPHININE 


By WALTER A. JACOBS ann LYMAN C. CRAIG 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, November 17, 1938) 


The seeds of Delphinium staphisagria, L., have been found on 
extraction to yield an appreciable alkaloid fraction only a portion 
of which has been obtained in crystalline form. This appears to 
consist essentially of the alkaloid delphinine. Our knowledge of 
the chemistry of the latter, as in the case of the alkaloids con- 
tained in other Delphinium species and the unquestionably closely 
related aconite alkaloids, is but in the earliest stage. This may 
be briefly summarized as follows: Walz (1) revised the previous 
formulations proposed by earlier workers to C3,H47OsN on the 
basis of the analysis of the alkaloid itself and of its oxalate. This 
formula has been supported by Keller (2) and by the analyses 
reported by Markwood (3). The earlier work of Katz (4) had 
shown the alkaloid to contain methoxyl and to yield benzoic 
acid on saponification. Subsequently Walz and Keller confirmed 
the presence of four methoxyl groups and one benzoyl group. 
On the basis of acyl determinations on an amorphous ‘“‘acetyl 
delphinine” and “propionyl delphinine,’’ Walz concluded that at 
least one acylatable hydroxyl group is present in the alkaloid. 
Thus, in the four methoxyl groups and the benzoyl and hydroxy! 
groups, 7 of the 9 oxygen atoms of delphinine appeared to be 
accounted for. 

As a possible aid in the approach to the chemistry of the aconite 
alkaloids, we have recently included the Delphinium alkaloids 
in our studies, since they appear to contain fewer of the trouble- 
some oxygen atoms. The delphinine prepared by us from com- 
mercial staphisagria seeds was found to agree essentially with 
the properties already recorded for this alkaloid. However, our 
analytical results have been consistently in closer agreement with 
the figures required by a modified formula, viz. C33HyO N. This 
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formula was also supported by the analysis of the hydrochloride 
of delphinine. Our analyses have confirmed the presence of 
four methoxyl groups in the alkaloid. 

A study of the saponification of the alkaloid with alkali and 
titration of the liberated volatile acids has shown that two acid 
groups are removed in the process. The liberation of benzoic 
acid was confirmed but in addition acetic acid was found to be 
present and was isolated as the silver salt. Experiments which 
are still in progress, and which will be reported in another con- 
nection, have indicated the presence of a hydroxyl group. 

Thus the functions of the 9 oxygen atoms of the alkaloid are 
defined by the four methoxyl groups, two acyl groups, and one 
hydroxyl group. On catalytic hydrogenation 3 moles of hydro- 
gen were absorbed by the alkaloid and a crystalline herahydro- 
delphinine resulted. Since the latter on saponification no longer 
yielded benzoic acid but hexahydrobenzoic acid instead, the 
alkamine portion of the molecule was not hydrogenated. This 
parallels the experience with aconitine (5) and suggests a satu- 
rated character for the parent alkamine. 

In addition to the four methoxyl groups, delphinine has now 
been found to behave as if it contained an N-alkyl group. When 
the alkaloid was submitted to alkali fusion, methylamine was 
isolated from the volatile material and was identified as the 
picrate. If the group in question is an N-alkyl group, it must 
therefore be methyl. Hence there is a close parallelism in the 
pictures presented by delphinine and the aconite alkaloids. In 
the case of the latter, aconitine C3,H,7O;,N (6, 7) behaves as if an 
N-ethyl group is present in addition to four methoxyl groups, 
three hydroxyl groups, a benzoyl, and an acetyl group. In 
hypaconitine, C33HgOioN, and mesaconitine, C33HyOuN, the 
N-alkyl group has been shown to be methyl (7). 

Another observation which parallels the experience with 
aconitine is the so called ‘‘X-214°,” a substance obtained by Keller 
(2) by the oxidation of delphinine with permanganate and in 
which the salt-forming properties of delphinine have been lost. 
A provisional formula of CosH37O,N was derived for it. We have 
confirmed the production of this substance and the possibility is 
at once suggested of its analogy to oxonitine from aconitine. 
This is supported by the fact that just as oxonitine no longer 
contains the N-ethyl group (or equivalent) of aconitine, this oxi- 
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dation product likewise no longer possesses the N-methyl! group 
(or equivalent) of delphinine. ‘Titration after saponification has 
shown the liberation of two acid groups and therefore the reten- 
tion of the acetyl and benzoyl groups of delphinine, just as it has 
been found to be the case with oxonitine. It is most likely a 
lactam. A discussion of the exact formulation of this substance 
we wish to leave to a later occasion. 


EXPERIMENTAL 


Delphinine--The alkaloid fraction was obtained the 
powdered seeds essentially as described by Markwood. The 
concentrated ligroin extract of the seeds was in turn exhaustively 
extracted with 3 per cent tartaric acid. During the first few 
extractions with the latter, calcium tartrate crystallized during 
the process and was removed by filtration. Later extractions 
were not complicated by this crystallization and the process was 
continued as long as the acid extract gave a precipitate with 
alkali. The acid extracts were cleared by shaking out suec- 
cessively with petroleum ether and ether and were then made 
alkaline. The precipitated alkaloid was reextracted with ether. 
The latter on concentration gave a copious basic oil in which 
erystals of delphinine formed. After standing the alkaloid was 
collected with a mixture of ether and petroleum ether. The yield 
approximated 0.8 gm. from 1 kilo of seeds. After recrystalliza- 
tion from alcohol the alkaloid formed six-sided plates which melted 
at 198-200°. Keller and Walz, as well as Markwood, have given 
the uncorrected melting point of 187.5°, and Stojanow the cor- 
rected figure 191.8°. We have found [a]? = +25° (e = 1.215 in 
absolute alcohol). Keller gave [a] = +18.99° for a solution which 
had stood for 4 hours. He also reported a rotation taken shortly 
after solution of the alkaloid from which can be calculated a 
rotation of [a]? = +22° (c = 0.86 in absolute alcohol). This 
value is comparable with our own. 


C33H,;,OoN. Calculated. 66.07, H 7.57, N 2.34 
Found. (a) ‘ 66.04, ‘‘ 7.52 
Calculated. 4(OCH3) 20.71, (N)CH; 2.51 
Found. 20.58 
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15.295 mg. of delphinine were refluxed in 3 cc. of 0.1 N NaOH 
and 3 ec. of aleohol for 3 hours and titrated back against phenol- 
phthalein. Found, 0.347 cc. Calculated for 2 equivalents, 0.51. 

15.650 mg. were refluxed as above, but for 7 hours. Found, 
0.345 ee. Calculated for 2 equivalents, 0.522. 

Since the correct titration of the base was undoubtedly affected 
by the basicity of the alkamine cleaved during the saponification, 
the following procedure was used. 

0.4255 gm. of delphinine was refluxed in a mixture of 10 ce. 
of N NaOH and 10 cc. of methanol for 2.5 hours and protected as 
usual from the air. The mixture was acidified with 5 ec. of 25 
per cent H.SO, and then distilled with steam. The distillate was 
titrated with 0.1 N NaOH and was collected as long as the dis- 
tillate consumed alkali. The total alkali used was 13.66 cc. 
Calculated for 2 equivalents, 13.88 ce. | 

The titration mixture was concentrated 7n vacuo and in a vol- 
ume of about 2 ec. was acidified with dilute HNO;3. Precipitated 
benzoic acid was collected with water. After recrystallization 
from petroleum ether it melted at 121°. 


C;H,O2. Caleulated, C 68.82, H 4.96; found, C 68.70, H 5.02 


The above filtrate from the crude benzoic acid was extracted 
several times with small amounts of petroleum ether to remove 
dissolved benzoic acid and then carefully neutralized with dilute 
NaOH. After concentration to a small volume the mixture was 
treated with strong silver nitrate solution. The collected silver 
salt was recrystallized from dilute alcohol. 


C.H;0.,Ag. Calculated. C 14.38, H 1.81, Ag 64.64 


Delphinine Hydrochloride--The salt was readily obtained by 
addition of dry ether to the concentrated solution of the alkaloid 
in methanol containing an excess of HCl. It formed needles 
from methanol and ether, which melted at 208-210°, depending 
upon the rate of heating. 

For analysis it was dried at 120° and 15 mm. 


Calculated. C 62.28, H 7.29 
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Hexahydrodelphinine—0.11 gm. of delphinine was dissolved 
in a few ec. of alcohol containing 0.2 ec. of acetic acid, and hydro- 
genated with 50 mg. of platinum oxide catalyst under a pressure 
of 3 atmospheres. Absorption was prompt and stopped after 
about 30 minutes. The absorption due to the substance was 12.6 
ec. of H. or approximately 3 moles. After removal of the solvent 
the substance crystallized readily under ether. After recrystalli- 
zation from this solvent it melted at 192-193°. 


C33H;,0sN. Calculated, C 65.41, H 8.49; found, C 65.33, H 8.21 


On saponification this substance gave no benzoie acid but an 
oily acid which from its odor and properties was unquestionably 
hexahydrobenzoie acid. 

Alkali Fusion of Delphinine—A mixture of 1 gm. of the alkaloid 
with 5 gm. of powdered KOH was heated in a Pyrex cylindrical 
vessel immersed in a nitrate bath. Hydrogen was passed through 
during the operation and volatile material was collected in a bent 
tube which formed the outlet. The gases were continued through 
wash bottles containing dilute HCl. Copious fumes were evolved 
and a yellow, viscous resin began to distil with the bath at 260°. 
The operation was held at this point for 30 minutes and was then 
discontinued. The yellowish resin was in large part dissolved by 
dilute HCl which rapidly assumed a violet color. This mixture 
was joined with the aid of aleohol with the contents of the wash 
bottles and was then extracted repeatedly with ether. The aque- 
ous phase was concentrated in vacuo to dryness, leaving a partly 
crystalline residue. On addition of a little water a resin remained, 
which was removed by filtration. The filtrate and washings 
were made alkaline and distilled with steam into dilute HCl. 
The latter on evaporation gave 9 mg. of a crystalline residue. 

This salt was decomposed under ether with NaOH. The 
ethereal solution which smelled strongly of methylamine was 
dried over KOH. On addition of ethereal picric acid solution a 
deposit of needles at once formed. After collection it was re- 
crystallized from alcohol ether and melted at 205-207°. 


C;H,O7N,. Caleulated, C 32.31, H 3.11; found, C 32.41, H 3.01 


Oxidation of Delphinine—1.05 gm. of the alkaloid dissolved in 
100 cc. of dry acetone were treated with 1.1 gm. of KMnQ, and 
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the mixture was occasionally shaken. Several days at room 
temperature were required before the reagent was used up. Since 
crystals of the oxidation product appeared on the walls of the ves- 
sel, more solvent was added and the mixture was warmed to dis- 
solve them. After filtration the MnO» was again extracted with 
warm solvent. On concentration of the filtrate to small bulk 
successive fractions of the product were obtained, which amounted 
to 0.49 gm. 

For purification it was dissolved in chloroform and shaken out 
with dilute H.SO, to remove any traces of unchanged alkaloid or 
other basic material. The concentrated solvent readily crystal- 
lized on addition of aleohol. Flat needles separated, which 
melted at 218-220°. Occasionally a melting point of 225° was 
observed. The apparently neutral character of the substance 
was confirmed. 

For analysis the substance was dried at 100° and 15 mm. 


Found. C 64.58, H 7.00, OCH; 19.60, (N)CH; 0.64 
64.70, 6.90 


Titration showed the retention of the benzoyl and acetyl groups in 
this substance. 

14.285 gm. of substance were refluxed in 3 cc. of 0.1 N NaOH 
and 3 ec. of aleohol for 4 hours and then titrated back against 


-phenolphthalein. Found, 0.438 cc. For an approximate molec- 


ular weight of 600 the calculated value for 2 equivalents is 
0.47 ce. 
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STUDIES ON 6-GLUCURONIDASE* 
I. A METHOD OF PREPARATION AND PURIFICATION 


By W. H. FISHMAN 


(From the Department of Biochemistry, University of Toronto, 
Toronto, Canada) 


(Received for publication, October 20, 1938) 


The preparation of an extract from animal tissues containing an 
enzyme specific for the hydrolysis of 6-glucuronides was first 
described by Masamune (1). Oshima (2, 3) later studied the dis- 
tribution of this enzyme in the tissues of the dog and the ox and 
improved the method of preparation of active extracts. 

At the suggestion of Professor G. F. Marrian an investigation 
was undertaken to determine whether this enzyme might be con- 
cerned with the synthesis of estriol glucuronide in the female or- 
ganism. Furthermore, it was suggested that the hydrolysis of 
conjugated sex hormones in human urine for assay purposes by a 
potent preparation of the enzyme might prove to be more efficient 
than hydrolysis by mineral acids. 

As a preliminary to the main problems in this investigation, a 
study of the methods of preparation and the properties of 6-glu- 
curonidase has been made. The present paper deals mainly with a 
description of the methods of preparation of the enzyme.  Fur- 
ther, experiments designed to indicate the possible réle of the en- 
zyme in the detoxification of glucuronogenic substances by the 
mammalhan organism are now in seca and will be reported 
at a later date. 


Method of Assaying Activity of B-Glucuronidase Preparations 


Determination of Glucuronic Acid—The method developed by 
Miller and Van Slyke (4) for the microdetermination of blood 
sugar was modified for the determination of glucuronic acid. . In 


* The term 8-glucuronidase is here used in preference to the term 8- 
glucuronosidase as suggested by Masamune. 
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the blood sugar method, potassium ferricyanide is reduced by the 
sugar and the amount of ferrocyanide so produced is then deter- 
mined by a direct titration with standard ceric sulfate solution, 
setopaline C being used as the oxidation-reduction indicator. 

The routine assay of the activity of 6-glucuronidase preparations 
was greatly simplified by substituting the ceric sulfate titration 
method for the Hagedorn-Jensen technique, as employed by the 
Japanese workers. 

Glucuron, rather than glucuronic acid, was selected for the 
standardization, since it can be more readily prepared in a pure 
state. Assuming that the reducing powers of glucuron and glu- 
curonic acid are proportional to their respective molecular 
weights,! it is possible, after titrating known amounts of glucuron 
with ceric sulfate, to construct a standard graph correlating the 
corresponding amounts of glucuronic acid with the titration values. 
The ceric sulfate solution was therefore standardized against 
glucuron in the following manner. 

50 mg. of pure glucuron were dissolved in 50 ce. of distilled 
water. Aliquots of this solution were then pipetted into 50 ce. 
boiling tubes, an excess (2.5 ce. per mg. of glucuron) of alkaline 
potassium ferricyanide solution (5 gm. per liter) was added, and 
the volumes were equalized with distilled water. ‘The tubes were 
covered with blown glass bulbs and placed in a vigorously boiling 
water bath for 15 minutes. They were then cooled in running 
water and the contents of each tube were titrated? with 0.0216 N 
ceric sulfate solution’ after the addition of 1 ec. of 18 N HeSO, and 
8 to 10 drops of setopaline C solution. 

The amounts of glucuronic acid corresponding to the amounts of 
glucuron used were plotted, as in Fig. 1, against the ceric sulfate 
titration values. 

By using a greater dilution of ceric sulfate, the method was 
applicable to the determination of much smaller amounts of 
glucuronic acid. For example, with 0.002 N ceric sulfate solution, 


‘In view of the observation of Goebel and Babers (5) that there is a 
slight difference in the relative reducing powers of glucuronic acid and 
glucuron when determined by the Shaffer-Hartmann procedure, this 
assumption may be only approximately true. 

2 A standard 10 ec. burette, graduated in 0.05 of a ce., was employed. 

‘In the preparation and standardization of the ceric sulfate solution, 
the directions of Miller and Van Slyke were followed. 
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0.1 to 1.2 mg. of glucuronic acid could be estimated over a titra- 
tion range of 14 ce. 

Preparation and Treatment of Enzyme Digests—Sodium menthol 
glucuronidate was the substrate used in the experiments described 
in this paper. Pure menthol glucuronide was prepared by Bang’s 
method, as described by Quick (6). In preparing standard solu- 
tions of the sodium salt, the calculated volume of N sodium hydrox- 
ide solution was added to a weighed amount of menthol glucuro- 
nide in a 100 ce. volumetric flask together with 75 ec. of distilled 


CC N CERI SULFATE SOLUTION 


i > i 3 i i > A 
GLUCURONIC ACID 


Fig. 1. Standardization curve for glucuronic acid 


water. The pH of this solution was then adjusted to 4.8 to 5.4 
(outside indicator) with a few drops of N acetic acid. ‘The solu- 
tion was finally diluted to 100 ce. 

The experimental tubes (50 cc.) contained enzyme extract, 0.10 
N acetate buffer of pH 5.2 to 5.4, and substrate solution usually 
in the ratio of 1:2:1, while the control tube contained buffer, 
substrate, and boiled enzyme in the same proportions. The 
tubes were stoppered and incubated for the desired length of time 
at 37.5°. At the end of this period, each digest was treated in the 
following manner. 
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After the digest was transferred to a 15 ec. centrifuge tube, an 
equal volume of 10 per cent trichloroacetic acid solution was added. 
Following centrifugation, the clear supernatant solution was re- 
turned to the original boiling tube and neutralized to phenol- 
phthalein with 2 N NaOH. Potassium ferricyanide solution (10 
ec.) was added and the reducing power determined by the modi- 
fied ceric sulfate method. ‘The amount of glucuronic acid liber- 
ated was read from the standardization curve (Fig. 1) by substitut- 
ing the titration difference between control and experimental 
digests. 


Preparation and Purification of B-Glucuronidase Extracts 


Little suecess was realized in obtaining a potent purified enzyme 
extract by the procedure of Oshima (3). After a critical examina- 
tion of the properties and solubilities of the enzyme, the present 
method was devised and found to be satisfactory. This process 
involves (1) initial extraction of the minced tissue with water, 
(2) acetone precipitation of the crude extract and subsequent. ex- 
traction of the precipitate so produced with water, (3) acidification 
of this aqueous extract with acetic acid to pH 4.8 to 5.0, (4) 
evaporation to small volume in a current of air, (5) the application 
of an ammonium sulfate fractional extraction and precipitation 
technique to the concentrate. As high as 140-fold purifications 
have been achieved in this manner. 

The resulting purified solution of the enzyme possessed as 
great a potency as seemed necessary for the purposes outlined in 
the introduction and accordingly no further purification studies 
were undertaken. ‘The details of the method of preparation and 
purification are as follows: 

Fresh beef spleen, free of fascia, was ground in amincer. 585 
gm. of the tissue were then stirred for an hour with 1170 ec. of 
distilled water. This crude extract (A) was shaken with dia- 
tomaceous earth (20 gm. per liter) and centrifuged for 30 minutes. 
The supernatant solution (B) was precipitated with 2 volumes of 
acetone. ‘The reddish brown precipitate which formed was cen- 
trifuged immediately, the supernatant solution was poured off, 
and the residue transferred with the aid of a rubber-tipped glass 
rod to a 2 liter beaker. Inasmuch as acetone seemed to inactivate 
the enzyme, a 5 minute period of rapid centrifugation, followed by 
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the removal of some of the acetone from the precipitate with a 
stream of air, was adopted as a precautionary step at this stage of 
the purification. The precipitate was vigorously stirred for 1 
hour with 1100 cc. of water. 

The water-insoluble material was centrifuged off, leaving a very 
turbid supernatant solution containing the enzyme (C). The 
solution was adjusted to pH 4.8 to 5.0 with N acetic acid and 
warmed at 37.5° for 20 minutes. It was then centrifuged and the 
supernatant solution adjusted to pH 7 with N NaOH (D). The 
extract (1100 cc.) was poured into shallow porcelain dishes and 
evaporated to 160 cc. in a current of air at room temperature (I). 

An equal volume of saturated ammonium sulfate solution was 
added to the concentrate; the precipitate was separated and dis- 
solved in 100 cc. of water (Ff). The precipitate formed by adding 
to solution (I) 100 ce. of saturated aqueous ammonium sulfate 
was then stirred with 350 cc. of 35 per cent saturated ammonium 
sulfate solution. The insoluble fraction of this mixture was 
separated by centrifugation and preserved. The addition of 75 
ec. of saturated ammonium sulfate solution to the centrifugate 
caused complete precipitation of the enzyme, which was separated 
and dissolved in 50 cc. of water. The enzyme was precipitated 
from this aqueous solution (G) by half saturation with ammonium 
sulfate and the precipitate was stirred with 300 ce. of 40 per cent 
saturated ammonium sulfate solution. The insoluble residue 
was preserved and the extract was then brought to 50 per cent 
saturation by the addition of 55 cc. of saturated ammonium sulfate 
solution. The precipitate, after centrifuging, was dissolved in 25 
ec. of water (H)). 

An aqueous suspension (130 cc.) of the combined 35 and 40 per 
cent insoluble material was half saturated with ammonium sul- 
fate and centrifuged. The precipitate was extracted with 300 
ec. of 37 per cent saturated ammonium sulfate solution and to the 
supernatant solution, after centrifuging, 85 ec. of saturated am- 
monium sulfate solution were added. The precipitate was cen- 
trifuged off and dissolved in 25 ce. of water (Hz). Solutions H, 
and He. were combined, this final clear solution being denoted as 
(1) in Table I. 

The activity and protein nitrogen content of the extract at each 
stage of the purification were determined in order to obtain quanti- 
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tative purification data (Table 1). Digests contained 1 cc. of 
enzyme extract (boiled in the control digests), 2 cc. of acetate 
buffer at pH 5.4, and 1 cc. of 0.056 N sodium menthol glucuroni- 
date. After incubation for 8 hours at 37.5° the liberated glu- 
curonic acid was determined by the ceric sulfate titration method. 


TABLE 


Preparation and Purification of 8-Glucuronidase from Ox Spleen 
Hydrolysis was carried out at pH 5.4, 37.5°, for 8 hours; substrate, 0.0156 
N sodium menthol glucuronidate. 


Activ- 


half saturation with (NH,).SO, 
G Product of fractional extraction of ppt. 29.6 50 1500 45. 
salted-out from solution (F) with 35% | | 

saturated (NH,).SQ, solution | | 

H, . (G) repeated on solution (G) with 409% 34.0 25 850 63.00 
saturated (NH,4)2SO, | | 

I Solution (H,) combined with product of — 26.0 50 1300 87.00 
fractional extraction of insolu- | 
ble residues from (G) and (H;) 


| | | Vol- | ity per 
Total 
Step Stage of preparation pec | activ- | 
| tract | tein 
| 
| mg cc | mg | mg 
A | Aqueous suspension of minced tissue 4.90 1685 8200 — «0.63 
B Supernatant solution after centrifuging 4.60 1140 5200 0.66 
| | 
C Aqueous extract of acetone ppt. of (B) 3.45 1190 4100 2.41 
D  Aecidified extract 3.25 1100 3500 8.10 
| Evaporated concentrate 15.5 160 2500 5.96 
F | Solution of ppt. obtained from (E) by 20.0 112-2200 
| 
50 


* Mg. of glucuronic acid liberated per 1 cc. of extract. 

+t Number of cc. of extract times the number of mg. of glucuronic 
acid liberated per 1 ec. of extract. 

t Mg. of glucuronic acid liberated per mg. of nitrogen precipitable by 
10 per cent trichloroacetic acid. 


Before the activity of highly concentrated glucuronidase solutions 
was assayed, they were first diluted to strengths such as 1:5, 1:10, 
and 1:20, depending on the amount of enzyme present. This 
course was necessary to avoid (1) a lowering of the pH of the digest 
by too great a liberation of glucuronic acid and (2) marked varia- 
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tions in the velocity of hydrolysis, the latter being eliminated 
when conditions were such that the final substrate concentrations 
in the digests were approximately the same. The activity of an 
extract was found to be directly proportional to the concentration 
of the enzyme. 

In determining the protein nitrogen of the extracts, 1 cc. of the 
extract was diluted to 2 ce. with distilled water in a 15 ce. centri- 
fuge cup and 2 cc. of 10 per cent trichloroacetic acid were added. 
After centrifuging, the supernatant solution was discarded, and 
the precipitate stirred with 5 cc. of water and centrifuged. Ab- 
sence of sulfate ion indicated the removal of ammonium sulfate 
from the trichloroacetate precipitate likely to be adsorbed from 
extracts at steps (F) to (1). After the supernatant solution was 
discarded, 2 cc. of concentrated sulfuric acid were pipetted into the 
vessel and the mixture, after standing for 5 minutes, was trans- 
ferred to a micro-Kjeldahl flask; washings were added and the 
total nitrogen was determined by a standard micromethod. 

An experiment identical with that just described yielded a final 
preparation whose activity per mg. of nitrogen was appreciably 
greater than that of preparation (1) (Table I). 


SUMMARY 


1. A ceric sulfate titration method has been applied to the es- 
timation of glucuronic acid liberated by the hydrolytic action of 
8-glucuronidase. 

2. A rapid method for the concentration and purification of p- 
glucuronidase from ox spleen is described. | 


The author wishes to make grateful acknowledgment to Dr. G. 
F. Marrian, under. whose direction this investigation has been 
carried out, and also to Dr. A. M. Wynne, for much helpful advice. 
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essential amino acids have been similarly tested (19). 


University of Iowa. 


Chem., 123, p. exxii (1938)). 


on /(—)-methionine and /(—)-cystine. 
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Interesting differencés have been noted in the influence of op- 
tical isomerism on the utilization of the various essential amino 
acids by the rat for growth. Thus, when d(+)-tryptophane is 
added to a diet otherwise deficient in tryptophane it promotes 
growth which is quite as rapid as that induced when /( — )-trypto- 
phane is supplied (3, 21); under analogous conditions d(+ )-his- 
tidine is somewhat less efficient than its natural isomer (9) and 
d(—)-lysine has no stimulating effect (5). The isomers of other 


In a recent paper Kotake, Ichihara, and Nakata (16) imply that 
marked differences exist between the rat and the mouse in the 
utilization of d(+)-tryptophane;! from their presentation one is 
led to assume (although they do not specifically so state) that 
d(+)-tryptophane is entirely unavailable to the mouse for growth 
purposes. However, their experimental evidence is far from con- 
vincing; certainly their data cannot support any very definite 
conclusion. ‘Their use of 10 per cent gelatin together with cystine 
and histidine as the sole sources of dietary nitrogen in their trypto- 
phane-deficient diet was most unfortunate. In the first place, 


* The experimental data are taken from a dissertation submitted by 
John R. Totter in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy in Biochemistry in the Graduate College of the State 


A report was presented before the American Society of Biological Chem- 
ists at Baltimore, March 31, 1938 (Proc. Am. Soc. Biol. Chem., J. Biol. 


1 The paper also includes studies on /(+)- and dl-indolelactie acids and 
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this percentage of protein in the diet was probably too low (1). 
Because of the shorter life cycle of the mouse and its more inten- 
sive metabolism its need of protein would be at least as great as, 
if not greater than, that of the rat; most diets for the latter con- 
tain 15 percent of protein ormore. Inthe second place, the amino 
acid deficiencies in gelatin are probably not limited to tryptophane, 
cystine, and histidine; at any rate gelatin is a notoriously poor 
protein and will not induce good growth in the rat, even when fed 
at high levels and supplemented with amino acid mixtures more 
extensive than this (15). 

The Japanese workers also reduced the allotment of salt mixture 
to half the amount ordinarily used for rats instead of increasing it 
as recommended by Beard for mice (1). Most of their supple- 
ments of tryptophane amounted to 0.05 per cent of the diet; in 
only two instances were they as great as 0.1 per cent. For the 
rat even 0.1 per cent is probably suboptimum. 

Obviously, if satisfactory comparisons are to be made between 
d(+)- and l(—)-tryptophane, or any other pair of amino acid 
isomers, suitable basic criteria must be established. This was not 
done. No attempt was made to determine the response of mice 
to the unsupplemented diet, and growth in the l/(— )-tryptophane 
controls was too erratic to constitute a reasonable basis for com- 
parison. The wide variations in weight changes (from a single 
gain as high as 2.5 gm. in 22 days to a loss as great as 4 gm. in 26 
days) indicate clearly that the deficiency of the basal diet was not 
met by the /(—)-tryptophane supplied, whether because the allot- 
ment of this amino acid was too low to elicit consistent response or 
because the basal diet was too inadequate in other respects. 

Since the question raised by the Japanese authors is a funda- 
mental one, we have repeated their work on tryptophane, using 
the tryptophane-deficient casein hydrolysate commonly employed 
for rats at a level of 15 per cent of the diet (which preliminary 
tests indicated induced fairly good growth in mice), increasing the 
Hawk and Oser salt mixture to 8 per cent (equivalent to the 7 per 
cent of the Osborne-Mendel mixture recommended by Beard), 
and including control animals on a diet unsupplemented with 
tryptophane. In addition we have made similar comparisons 
between the isomers of histidine and lysine. 
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EXPERIMENTAL 


The l(—)-tryptophane was prepared from tryptic digests of 
casein by the method of Cox and King (10); the /(— )-histidine and 
the /(+)-lysine were isolated from blood meal hydrolysates by the 
procedure described by Cox, King, and Berg (11). 

The d(+)-tryptophane, which was obtained by resolution of 
dl-tryptophane as directed by Berg (2), showed [a]*” = +32.4° 
for a 0.5 per cent solution in water. In preparing the d(+)-his- 
tidine monohydrochloride, dl-histidine was first made by heating 
a concentrated solution of /(—)-histidine monohydrochloride in 
water for 3 hours at 160-165°, as suggested by Duschinsky (12), 
and removing the hydrochloric acid with silver hydroxide. The 
dl-histidine was combined with d(+)-tartaric acid to form the 
hydrogen tartrate salt. This was subsequently fractionated 
essentially as directed by Pyman (18). The tartaric acid was 
removed from the purified tartrate of d(+)-histidine by precipi- 
tation and the histidine was isolated as the dihydrochloride (7). 
The latter was converted to the monohydrochloride by the aniline 
method (8) and this was reprecipitated several times from aqueous 
solution with alcohol. An 8 per cent solution of the final product 
in water containing 1 equivalent of hydrochloric acid showed 
[a]?? = —8.24°. This agrees well with the specific rotations re- 
corded in the literature for d(+)-histidine monohydrochloride 
(see Cox and Berg (9)). The d(—)-lysine dihydrochloride was 
prepared from the dl modification which had been synthesized from 
cyclohexanone by the method of Eck and Marvel (13). Its 
isolation after resolution with camphorie acid has been previously 
described (4); [a] for a 3 per cent solution in water was — 15.63°. 

The basal diets used are indicated in Table I. The trypto- 
phane-deficient casein hydrolysate was prepared according to the 
method of Berg and Rose (6), the histidine-deficient digest as 
outlined by Conrad and Berg (7). The zein was a purified product 
obtained from the A. E. Staley Company of Decatur, Llinois. 
The 1(—)-cystine was prepared from hair by a modification of 
Okabe’s method (17). 

In each instance when the natural and unnatural isomers of the 
deficient amino acids were supplied, they replaced an equal weight 
of the protein or of the basal amino acid mixture. The trypto- 
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phane supplements were 0.2 and 0.1 per cent, the histidine mono- 
hydrochloride 0.5 per cent, and the lysine dihydrochloride 0.75 
per cent. When the amino acid was added as the hydrochloride, 
sodium bicarbonate equivalent to the hydrochloric acid was also 
included. The vitamin B complex was furnished as 150 mg. of 
Harris yeast vitamin concentrate in two doses daily. All of the 
dietary regimens were thus very similar to those usually employed 
for rats. 

The albino mice were of Strain A. Their breeding stock came 
from the Jackson Memorial Laboratories at Bar Harbor, Maine. 


TABLE I 
Composition (in Gm.) of Basal Diets 


Trypto- | Histidine- | Lysine- 


| | deficient | deficient 


Tryptophane-deficient casein hydrolysate... 14.7 | | 


Histidine-deficient casein digest............. | 14.5 
Histidine monohydrochloride............... 0.4 
Salt mixture (Hawk and Oser (14))......... 8.0 8.0 8.0 
36.0 36.0 36.0 
| 0.16 
— 100.0 | 100.0 | 100.26 


Usually two or three litters of approximately the same age were 
used in a single study and were placed on the experimental diet 
shortly after weaning. Initial weights ranged from 8 to 16 gm. 
The housing and care were essentially the same as for rats in sim- 
ilar studies. Precautions were taken to avoid exposure to drafts. 
Weight and food consumption data were recorded every 4 days. 
Since the actively growing period of the mouse is much shorter 
than that of the rat (Thompson and Mendel (20)) no advantage 
is gained by prolonging such studies on mice beyond 40 days. 
Data on growth are recorded in Charts I to III, which are 
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Cuart I. Growth curves of mice on a tryptophane-deficient basal diet 
supplemented with d(+)- or l(—)-tryptophane. A indicates supple- 
mentation with 0.2 per cent of 1(—)-tryptophane; B, with 0.1 per cent of 
l(—)-tryptophane; C, with 0.2 per cent of d(4+-)-tryptophane. Drepresents 
the unsupplemented basal diet. Initial and final weights are given in 
parentheses. 
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Cart II. Growth curves of mice on a histidine-deficient basal diet 
supplemented with d(+)- or /(—)-histidine. A indicates supplementation 
with 0.5 per cent of /(—)-histidine monohydrochloride, and B, with 0.5 per 
cent of d(+-)-histidine monohydrochloride. C represents the unsupple- 
mented basal diet. Initial and final weights are given in parentheses, 
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plotted on the same scale as that used by the Japanese workers. 
In Chart I comparisons between the animals receiving a supple- 
ment of 0.2 per cent of d(+-)-tryptophane and the controls whose 
diets contained none show conclusively that this unnatural isomer 
can support growth. Obviously, however, 0.2 per cent is less 
efficient than even 0.1 per cent of the natural form. The histidine- 
deficient diet contained enough histidine to allow maintenance 
(Chart II). Supplements of d(+)-histidine monohydrochloride 
made growth possible, but at a rate inferior to that attained when 
the monohydrochloride of natural histidine was substituted. In 


279010)" 

260" 9 342 (9) 

| 


Cuart Il. Growth curves of mice on a lysine-deficient basal diet 
supplemented with d(—)- or /(+)-lysine dihydrochloride. A indicates 
supplementation with 0.75 per cent of /(+)-lysine dihydrochloride; B, with 
0.75 per cent of d(—)-lysine dihydrochloride. C represents the unsupple- 
mented basal diet. Initial and final weights are given in parentheses. 


contrast to these findings are the observations on the rat that the 
two isomers of tryptophane promote growth with equal efficiency 
(3) and that d(+)-histidine is only slightly inferior to the natural 
l(—)form (9). The growth obtained in the mouse on d(+)-trypto- 
phane and d(+)-histidine cannot possibly be ascribed to an ad- 
mixture of traces of the natural isomers of these amino acids. 
The specific rotations were in both cases closely in agreement 
numerically (opposite in direction) with the values recorded in 
the literature for the natural isomer; even the most generous 
calculations do not warrant the assumption that enough of the 
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natural isomer was present to make an appreciable contribution 
toward growth. ‘The results reported here have been duplicated 
on a second series of mice. ‘The lysine-deficient diet allowed main- 
tenance or slow growth (Chart III). The diet was not further im- 
: proved by adding d(— )-lysine, but marked growth did occur when 


TABLE II 
Food Consumption Data for 40 Day Supplementary Period 
Mouse daily Mouse aily Pe 
| tion | _ tion | 
| gm. | | gm. | per cent 
45 9 | 1.85 | 41 | 1.88 | Tryptophane None 
489; 2.35 | 2.33 | Tryptophane (0.2 d(+)) 
| | 37 | 2.40 | | 
42 9 | 2.51 | 38 | 2.50 | (0.2 1(—)) 
44° | 2.93 | | 2.58 | 
62 2.08 63 @ | 2.13 | Histidine None 
659 | 2.23 | 2.1 
67 9 | 2.25 | | 2.43 Histidine monohydrochlo- 
| | | | _ ride (0.5 d(+)) 
69 2.15 | | 2.53 | Histidine monohydrochlo- 
| ride (0.5 d(+)) 
719) 2.530 | 2.58 | Histidine monohydrochlo- 
| | ride (0.5 U(—)) 
2.483 7490 |. Histidine monohydrochlo- 
| | | | ride (0.5 U(—)) 
31 9 | 2.08 | 1.83 | Lysine 
49] 1.90 | 1.93) “ 
| | | 0.75 d(—)) 
2.00 | ae} 1838; Lysine dihydrochloride 
| | | | (0.75 d(—)) 
a7 2.388 | 2.56 | Lysine dihydrochloride 
| | | (0.75 
| 2.23 | | 2.35 Lysine dihydrochloride 


0.75 


l(+)-lysine was employed. These observations are similar to 
those which have previously been made on the rat (5). 

Data on food consumption in the three studies are given in Table 
Il. In computing averages for the animals in the tryptophane 
series only the 40 day experimental period was considered. As 
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was true for the rat, the average daily food consumption was 
almost invariably higher for the animals which showed the more 
rapid growth. On the whole the mice seemed to scatter food toa 
greater extent than we have noted with rats. ‘To avoid this half 
ounce, opal glass ointment jars (low form) were used as food con- 
tainers. Through the lid of each was punched a hole 5/8 inch in 
diameter. For use by mice which scattered food badly these 
were placed in 100 ec. beakers, into which they fit nicely. Corree- 
tions for scattered food were always carefully made. 

With respect to the utilization of the isomeric modifications of 
tryptophane and histidine for growth one may conclude that the 
differences between the albino mouse and the albino rat are 
quantitative, rather than qualitative, in character. To judge by 
comparison with observations on the rat (7), the mouse probably 
does not invert the unnatural isomers of these amino acids rapidly 
enough to meet the requirements of growth. The underlying 
cause may be slower rate of inversion, more intensive metabolic 
demands, or both. Apparently unnatural lysine does not undergo 
appreciable inversion. ‘These studies are being extended to com- 
pare similarly the optical isomers of other amino acids and to 
determine whether the amino acids essential to the mouse are the 
same as those required by the rat. 


SUMMARY 


The optical isomers of natural tryptophane, histidine, and ly- 
sine have each been prepared and fed to mice in diets deficient 
only in the corresponding natural form, and under conditions 
analogous to those previously employed in similar studies on 
rats. The growth promoted by the unnatural isomers of trypto- 
phane and histidine is slower than that induced by the modifica- 
tions which occur naturally in proteins. The response is quantita- 
tively, but not qualitatively, at variance with that observed in 
rats. Unnatural lysine, in the mouse as in the rat, fails to pro- 
mote growth when added to diets deficient in natural lysine. 
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In experiments in which animals were given ammonia (N?) 
(1), or tyrosine (N") (2), there were isolated from the proteins 
several amino acids which contained significant amounts of iso- 
topic nitrogen. ‘The diamino acids, lysine and ornithine from 
arginine, contained none. The amino acids which contained 
nitrogen so marked were histidine, glycine, glutamic acid, as- 
partic acid, and proline. All but the first of these are monoamino 
acids, in which the isotope must have been located in the a-amino 
group and must have been derived in the one experiment from 
ammonia and in the other from tyrosine. As the nitrogen atom 
in amino acids is stably bound (3), the transfer of nitrogen into 
an amino acid from another nitrogenous compound cannot occur 
by mere physical exchange. It must be due to chemical reactions 
involving both substances, the one of which acted as nitrogen 
donor (ammonia or tyrosine) and the other as acceptor (other 
amino acid). 

This paper is concerned with this biochemical reaction only 
in so far as it leads to the introduction of new nitrogen into 
histidine. Two different reactions might be responsible for the 
biological uptake of new nitrogen into amino acids: (a) the forma- 
tion of the amino acid from other substances, involving synthesis 
of the carbon skeleton, and (6b) deamination of the amino acid, 
followed by amination of the reaction product. 

Histidine contains 3 nitrogen atoms, 1 in the a-amino group, 


* This work was carried out with the aid of a grant from the Josiah 
Macy, Jr., Foundation. 
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and 2 in the imidazole ring. It was hoped that if the isotope 
could be located at 1 of the 3 nitrogen atoms in the compound 
isolated from the animals, insight could be obtained into the 
chemical reaction to which the amino acid had been subjected. 
A small amount of isotopic histidine from the proteins of rats 
which had been given isotopic ammonia (1) was treated with 
nitrite (4), and the resulting imidazolelactic acid subjected to 
isotope analysis (5). As it was found to contain normal nitrogen, 
all of the isotope must have been present in the nitrogen of the 


CH CH 
HN/ NN . HN’ 
NH 
| | + NN + HO 
HC — -C-CH-COOH HC —— C-CH-COOH 


a-amino group.! As the total histidine contained 0.013 atom per 
cent N® excess, the a-nitrogen atom possessed 3 times this con- 
centration; 7.e., 0.039 per cent. 

The process which led to the introduction of the marked nitro- 
gen into histidine had therefore involved only the a-carbon atom, 
and consisted of successive deamination and amination. From 
the experiment in which isotopic tyrosine was administered there 
was not enough histidine available for the degradation, but it is 
highly probable that in this case also the new nitrogen was in the 


a-amino group alone. 
This result is in agreement with the known fact that histidine 


! The marked nitrogen atom, containing more N than normal, is desig- 
nated in the formula by the asterisk. We propose to use this sign for the 
designation of all such atoms marked by an increase of isotope content. 
We suggest its use also for deuterium-containing compounds: alanine with 


NH, 
marked hydrogen at the @ position will be written CHsC—COOH;; the use 


H* 
NH, 


of the letter D, as in CH;C—COOH, will be reserved for compounds in 


D 


which the hydrogen atom in question consists entirely of deuterium. 
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is an indispensable amino acid, the carbon skeleton of which 
the animal organism is unable to synthesize in appreciable 
amounts. However, it 1s known that when histidine is absent 
from the diet, the animal organism has the ability to introduce 
the a-amino group into imidazolelactic or imidazolepyruvic acid, 
as both compounds may replace histidine in the diet of growing 
rats (6). Furthermore, it has been found (7) that under the same 
eonditions the unnatural d(—)-histidine can be converted into 
l(+)-histidine. ‘This conversion must have involved deamination 
of the unnatural compound followed by amination of the result- 
ing imidazolepyruvic acid. 

The new results with marked nitrogen are in agreement with 
earlier findings in which animals on ordinary stock diets were 
given heavy water to drink (8). A number of amino acids, 
including histidine, isolated from the animals contained stably 
(carbon) bound deuterium. As only chemical reactions can be 
held responsible for the introduction of the stably bound hydrogen 
isotope, it was suggested that histidine (and some of the other 
indispensable amino acids) had been successively deaminized and 
aminized. According to the generally accepted view on biolog- 
ical synthesis and deamination of amino acids, the intermediates 
in this process must be keto acids and the reaction involves the 
hydrogenation of a double bond. If this is carried out in a 
medium of heavy water, as was the case in the animals given 
heavy water to drink, the hydrogenation must result in the 
introduction of at least 1 stably bound deuterium atom; namely, 
at the a-carbon atom.’ 

The uptake into histidine of marked hydrogen from the body 


* The histidine isolated from these animals contained an amount of 
deuterium corresponding to more than the uptake of 1 hydrogen atom from 
the body fluids (1.6 and 1.3 atoms respectively, see (8) Table 1). This find- 
ing is not in disagreement with the reactions formulated above. Through 
enolization of the keto acids, more than 1 hydrogen atom of the medium 
may be introduced. The same reasoning applies to the enimino acid 

NH, 


R—C=C-COOH discussed as intermediate by von Euler and collabora- 


H 
tors (9). 


2 
: 
2 
bd 
g 
‘ 
a 
4 
¥ 
4 


388 Protein Metabolism. VIII 


fluids and of marked nitrogen from other nitrogenous compounds 
observed in four different biological experiments must, on the 
basis of the new findings, be explained by the same biological 
reaction; namely, the successive deamination of the a-amino 
group followed by amination of the resulting imidazolepyruvie 
acid. It is noteworthy that this reaction had been observed on 
histidine isolated from the bodies of normal animals kept on 
ordinary stock diets. The process of successive deamination and 
amination of histidine is obviously a normal metabolic event. 


EXPERIMENTAL 


To 200 mg. of histidine monohydrochloride, obtained from the 
bodies of rats given ammonium citrate (N!) (1), dissolved in 
5 ec. of water, 170 mg. of freshly prepared silver nitrite were 


TABLE 
N Content in Histidine and Imidazolelactic Acid 


— 


tea Compound | Prepared from N content 
| atom per 

cent erceas 
«140 Histidine HC] Casein 
a24 given ammonia 0.013 
«139 Imidazolelactic acid | Preparation al40 0.002 


added, and the mixture was shaken for 20 hours in a test-tube 
closed by a capillary. The precipitate was filtered off and silver 
was removed from the solution with H.S. The erystals formed 
in the concentrated solution were twice recrystallized from a 
small quantity of water. 56 mg. of material were obtained, 
melting at 204.5°. N (Kjeldahl) found 18.1 per cent, calculated 
18.2 per cent. 

The determinations of nitrogen isotope were carried out accord- 
ing to the method described in a previous publication (5). The 
histidine was reported to contain 0.012 atom per cent N® (1). 
This was the mean of two independent series of analyses. We 
have again analyzed this preparation on the same days as when 
samples of the degradation product, imidazolelactic acid, were 
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investigated. The new value 0.014 per cent is in good agreement 
with the earlier results. The mean of all these determinations is 
0.013 atom per cent N®. On the same days there were also 
analyzed samples of natural histidine (three analyses) and or- 
dinary imidazolelactic acid (two analyses). The values given in 
Table I are the mean values. Both preparations of imidazole- 
lactic acid as well as the histidine from casein show the normal 
abundance of N' within the limits of error. 


SUMMARY 


1. Isotopic histidine (N°) obtained from the carcass protein of 
| rats which had been given ammonia N" was converted into imid- 
| azolelactic acid. As this compound contained normal nitrogen, 
the isotope in the histidine was only in the a-amino group. 
2. This finding taken together with the results of experiments 
| in which animals were given tyrosine (N'°) or heavy water indi- 
cates that histidine, even in normal adult animals kept in energy 
and nitrogen equilibrium, is subject to a continuous process of 
successive deamination and amination involving only the a-amino 


| group. 
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Preliminary to a study of the glycerides of cottonseed oil, it 
was found necessary to prepare pure linoleic acid for the synthesis 
of certain glycerides. The only method available for the prepa- 
ration of this acid in the quantity and degree of purity desired 
involved the bromination of free acids of an oil rich in linoleic 
acid and subsequent reduction of the crystalline tetrabromo- 
stearic gcid with zine. However, some doubts have been ex- 
pressed as to whether linoleic acid thus prepared is identical with 
the natural acid in the oil, since it has been repeatedly noted that, 
besides the crystalline bromide, a liquid bromine addition com- 
pound is formed. ‘This observation led Bedford (1) to suggest 
that two isomeric linoleic acids existed. To differentiate the two 
forms, he designated as a-' the crystalline bromide and its re- 
generated linoleic acid; as 8-, the liquid bromide and its regenerated 
linoleic acid. 

Although this suggestion has been given support and credence 
by some authors, others have held the opinion that only one 
geometrical configuration of linoleic acid exists. If the latter 
view is correct, the a- and 8-tetrabromides must be regarded as 
racemic isomers, which upon reduction with zine should regenerate 
the same linoleic acid. 


* Food Research Division Contribution No. 398. 

t Research Fellow in Cottonseed Products, National Cottonseed Prod- 
ucts Association, and Collaborator, Bureau of Chemistry and Soils, United 
States Department of Agriculture. 

1The terms @ and 8 are used throughout this paper merely for con- 
venience and not to imply configurational significance. 
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That the regenerated linoleic acid from the a-bromide is iden- 
tical with natural? linoleic acid has been shown by the work of 
Rollett (2), Birosel (3), Brown and Frankel (4), and others. They 
have established that the bromination of a- and natural linoleic 
acid produces the same crystalline tetrabromostearic acid, m. p. 
114-115°, in yields approaching but not exceeding 50 per cent 
of theory. They obtained also, somewhat similar yields of a 
liquid tetrabromide 

The regenerated linoleic acid from the B-bromide, however, has 
not been extensively investigated and the few observations re- 
ported are not convincing that it is identical with a- and natural 
linoleic acid. MRollett (2) obtained impure £-linoleic acid (iodine 
number 159.5; theory 181.4), which upon bromination gave only 
26.2 per cent yield of crystalline bromide, m. p. 113-114°. Simi- 
larly, Green and Hilditch (5) obtained an impure #-linoleic acid, 
iodine number 133.1, which upon oxidation with alkaline per- 
manganate gave only 5 per cent of the theoretical amount of 
mixed sativic acids, whereas the same procedure applied to a- 
linoleic acid gave 65 per cent. From their work on §-linoleic 
acid the latter authors concluded: ‘‘From the oxidation results, 
it appears still to contain a certain amount (perhaps 10-12% 
of the a-acid; whilst, from its low I. V. and other considerations, 
we are inclined to suspect that part, at least, of this product has 
undergone more profound alteration than the mere conversion 
of ecis- into trans-ethenoid linkages.” 

Analogous to the bromination, the alkaline permanganate ox1- 
dation of linoleic acid would be expected to produce two tetra- 
hydroxystearic acids (sativic acids). There appears to be at 
least some evidence that such is the case. However, contradic- 
tory information exists concerning these oxidation products. 
Hazura (6) reported a series of fractions of indefinite melting 
points varying from 154° to 173° in his attempts to identify 
the sativic acids. Nicolet and Cox (7) were the first to report 
two sativic acids, one melting at 153° and the other at 170°, 
from a single oxidation experiment. Green and Hilditeh (5) 
obtained the values 155° and 173°, whereas Birosel (8) in recent 
work reported 163° and 174°. All of these authors, with the 


2 The term ‘‘natural’’ refers to linoleic acid present in the mixed acids 
of an oil or to linoleic acid obtained by crystallization of such mixed acids 
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exception of Green and Hilditch, limited their oxidation studies 
to a- and natural linoleic acid. 

From the foregoing, it was considered desirable to attempt the 
preparation of 6-linoleic acid in reasonably pure form and to com- 
pare the products of bromination and oxidation of this acid with 
those obtained by similar treatment of a-linoleic acid. 

Accordingly, in the investigation herein reported both a- and 
8-linoleic acid were prepared. ‘These were obtained in reason- 
ably pure state as judged by the iodine number, neutralization 
equivalent, and other constants. The products isolated from 
the bromination and oxidation of 6-linoleic acid were found to be 
identical with those similarly obtained from the @ acid. Only 
two tetrabromides and two sativie acids could be isolated. — 

The above facts, taken in conjunction with certain theoretical 
considerations which are discussed later in this paper, seem to 
indicate that a-, B-, and natural linoleic acids are identical and 
that two tetrabromostearic acids and two sativie acids may 
reasonably be expected on the basis of a single geometrical con- 
figuration for linoleic acid. 


EXPERIMENTAL 


Source of Starting Material—1400 gm. of the total mixed acids 
of cottonseed oil were dissolved in 5 liters of acetone. The solu- 
tion was allowed to stand overnight at — 15°, after which the sepa- 
rated solids were removed by suction filtration. 844 gm. of un- 
saturated acids, iodine No.’ 150.0, were obtained from the 
filtrate. This portion was brominated in ether at —10° to 0° 
according to Rollett’s procedure (2). 579 gm. of crystalline tetra- 
bromides, m. p. 114.5-115.0°, were obtained. No evidence of 
any other crystalline or solid bromide was observed. 

Preparation of a-Methyl Linoleate--The debromination of the 
crystalline bromide was accomplished by treatment with zine 
and methyl alcohol, as described by Kimura (9). From a 50 
gm. portion, 22.6 gm. of water-clear, distilled methyl linoleate 
were obtained, iodine No. 171.2, theory 172.6; saponification 
equivalent 294.5; n™ = 1.4592. The yield is 92.3 per cent of 
theory. 

Bromination of a-Linoleic Acid——-33 gm. of linoleic acid obtained 


> The Wijs method (1 hour) was used for all iodine numbers determined. 
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by saponification of 35 gm. of a-methy! ester were brominated 
in 330 cc. of anhydrous ether at —10 to 0°. A three neck, 1 
liter balloon flask equipped with an efficient mechanical stirrer 
and a dropping funnel was used. After the removal of the slight 
excess of bromine with a-few drops of amylene, the first crop of 
crystals was filtered off. The filtrate was concentrated to about 
150 cc. and a second crop taken. ‘These solid bromides were re- 
crystallized from a mixture of ether and petroleum ether (1:2). 
32.1 gm. of a-tetrabromostearic acid, m. p. 115.0-115.3°, were 
obtained. Yield 45.4 per cent. A mixed melting point with 
the first preparation, m. p. 114.5-115.0°, showed no depression. 

The ether was evaporated from the filtrate of the second crop 
of crystals. ‘To this residue 200 cc. of petroleum ether were added 
and the solution cooled at —15° overnight. The semisolid ma- 
terial which separated was removed by filtration. It weighed 
3.2 gm. and appeared to be a mixture. The petroleum ether of 
the filtrate was removed by distillation; the final traces under 
reduced pressure. The slightly straw-colored oily residue of 
8-tetrabromostearic acid weighed 34.0 gm. Yield 48.1 per cent 
of theory. Attempts to crystallize it from petroleum ether 
resulted in a tacky, wax-like mass. 

Preparation of B-Methyl Linoleate—33 gm. of the B-tetrabromo- 
stearic acid were debrominated in the same manner as described. 
The product obtained as the methyl ester was fractionated by 
distillation under reduced pressure four times, since it became 
apparent that higher boiling material was present. A water- 
clear product comparable in boiling point to a-methyl linoleate 
was obtained. Fractions 1 and 2 (11.07 gm.) represent a yield 
of 70.1 per cent of theory. The analyses of the fractions are given 
in Table I. The presence of higher boiling material was not 
apparent in the distillation of the a-methyl linoleate previously 
described. It should be noted, however, that any side products 
formed on bromination would likely give rise to contaminants in 
the 8-linoleic acid. Rollett (2) also called attention to the pres- 
ence of higher boiling material but did not effect a good separa- 
tion. Fractions 2 and 4 had maleic anhydride (Diene) values of 
4.6 and 23.2, respectively, which, in view of their higher saponifi- 
cation equivalent, may indicate that to a small extent conjugate 


fac 
; 
| 
& 
E 4 
; 
| 
H 
| 
| 
| 
a ; 
| 
; 
| 
i 


Riemenschneider, Wheeler, and Sando 395 


linkages were formed and that subsequent polymerization or cycli- 
zation involved the carboxyl group. 

It appears from these data that at least the greater portion of 
the original B-methyl! linoleate fraction had chemical constants 
which were similar to those of a-methyl linoleate and reasonably 
close to theory. 

Bromination of B-Linoletic 39 gm. of §-linoleic acid, 
obtained from Fraction 1 by saponification, were brominated in 
25 cc. of anhydrous ether at —10°. 1.88 gm. of crystalline tetra- 
bromostearic acid, m. p. 114.0-114.5°, were obtained in the same 
manner as described. A mixed melting point with a-tetrabromo- 


TABLE I 
Analysis of Fractions Obtained by Distillation of B- Methyl Linoleate 


| 
| | | Saponication Refractive 
| gm. | | 
2 | 3.32 | 
4 | 1.29 
Residue 1.60 | 97.3 | | 1.4593 


* These weights were corrected for transfer losses and for samples re- 
moved for analyses. 


stearic acid, m. p. 115.0-115.3°, produced no depression. The 
liquid bromide also formed was not investigated. 

The yield of crystalline bromide, 36.7 per cent, is about 10 per 
cent lower than was obtained on bromination of a-linoleic acid. 
Although adequate explanation for this is lacking, the yield is 
large enough to indicate that the greater portion of the 8 acid 
must be identical with a-linoleic acid. 

Oxidation of a-Linoleic Acid—Fifteen separate alkaline per- 
manganate oxidations of a-linoleic acid were carried out in an 
attempt to determine conditions by which satisfactory yields of 
sativic acids could be obtained. ‘Temperatures of reactants were 
varied between 0° and 30°. Wide ranges of concentration of 
reactants and time of reaction were employed. Repeated at- 
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tempts to duplicate the yield of 88 per cent of theory of sativie 
acids, m. p. 171-172°, reported by Haworth (10), resulted in 
yields of 50 to 60 per cent, m. p. 154-163°. However, reproduc- 
ible yields of sativic acids, 61 to 62 per cent of theory, m. p. 
154-163°, were obtained by slight modifications of his procedure 
as follows: 300 ec. of 1 per cent potassium permanganate were 
added rapidly to a solution of 2.5 gm. of linoleic acid in 300 ce. 
of 1.5 per cent potassium hydroxide. The temperature of both 
solutions was 28-29°. The mixture was shaken for 2 minutes, 
decolorized with sulfur dioxide, and 50 ec. of 36 per cent hydro- 
chloric acid added. The precipitate was filtered by suction and 
washed with several small portions of water, acetone, and ether. 

Separation and Characterization of the Sativic Acids— In order 
to determine how many individual sativic acids and the approxi- 
mate proportion of each which were represented in the crude 
oxidation product, the following general procedure was developed 
for their separation and characterization. 10 gm., representing 
a portion of the combined crude oxidation product (m. p. 154- 
163°) obtained from fifteen oxidations, were first crystallized 
from 30 per cent acetic acid to remove soluble occluded impurities. 
The crystalline material was then extracted with boiling acetone 
(200 ce. per gm. of mixed acids) until the melting point of the un- 
extracted material was 168° or higher. Reerystallization of this 
residue from 50 to 55 per cent ethanol (200 cc. per gm. of residue) 
gave 3.28 gm. of a pure sativie acid (A), m. p. 174°, neutraliza- 
tion equivalent 349.3. The residue obtained from the acetone- 
soluble portion by evaporation of the solvent was crystallized 
several times from 40 to 50 per cent ethanol (200 cc. per gm. of 
residue) to give 2.90 gm. of a second pure sativie acid (B), m. p. 
163.5°, neutralization equivalent 349.3. Theory for the neu- 
tralization equivalent of sativic acid is 348.4. 

Since repeated crystallizations and partial extractions of the 
two acids thus obtained failed to change their melting points 
significantly, it may safely be assumed that they represent two 
separate and distinct pure sativie acids. Partial optical crystallo- 
graphic data‘ as determined by the microscopical examination of 


‘ All optical and crystallographic examinations were kindly made by 
Mr. G. K. Keenan of the Food and Drug Administration, United States 
Department of Agriculture. 
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these acids further confirmed the fact that they were not identical 
and also served to characterize them. Sativic acid (A), erystal- 
lized from 70 per cent ethanol to facilitate examination, con- 
sisted of very thin, colorless, rhomboid plates, forming rosette 
aggregates. When examined by the immersion method, most of 
these plates failed to show sharp extinction in parallel polarized 
light (crossed nicols). Occasionally, however, but very rarely, 
| an elongated plate was found which showed straight extinction 
| and negative elongation. In convergent polarized light (crossed 
i nicols) sections perpendicular to an optic axis are common, these 
: showing the emergence of an optic axis. On such fragments, the 
: index of refraction by the immersion method was 1.535 and may 
| be considered as the 8 value. The lowest index of refraction 
which could be measured and only found after considerable search- 
ing was approximately 1.532 (n.). The maximum value, also not 
common, was approximately 1.555 (n,). It is therefore apparent 
that the double refraction is extremely strong (n, — nz = 0.023, 
approximately). A sample of sativie acid (B), crystallized from 
| 70 per cent ethanol, had a different appearance from sativie acid 
| (A) when examined microscopically. The former consisted of 
, rosette “aggregates of very thin micaceous plates, which did not 
show any definite geometrical form like the latter. When ex- 
amined under the microscope in ordinary light, the material repre- 
senting the (B) acid was colorless, breaking up into thin papery 
fragments which showed a tendency to remain suspended on edge 
in the immersion liquid, giving the impression of needles. No 
briliant polarization colors were shown with crossed nicols, 
mostly first order white being in evidence. The lowest index of 
refraction that was measured on plates that could be rolled 
over from their edgewise position was 1.505, which was consider- 
ably lower than the lowest value obtained for the (A) acid. This 
was the only index value that could be determined with certainty. 
No interference figures were observed in convergent polarized 
light (crossed nicols). 

In addition to the two sativie acids which were obtained as 
previously described, further small quantities of erystalline ma- 
terial were obtained by concentrating the alcoholic mother liquors 
to small volume and cooling. 0.82 gm. (A;), m. p. 157-161°, 
neutralization equivalent 347.8, was obtained from (A) and 1.58 
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gm. (B;), m. p. 153-155°, neutralization equivalent 349.5, was ° 
obtained from (B). In view of the fact that others have reported 
the presence of a pure sativiec acid melting at 153° or 155°, it 
seemed desirable to ascertain whether these fractions consisted 
merely of mixtures of (A) and (B) or contained a third sativie 
acid. Accordingly, a series of mixtures of sativic acids was pre- 
pared containing weighed amounts of pure (A) and (B). The 
melting pomts of these mixtures were determined in accordance 
with the Rast (11) technique. The data are shown graphically in 


Fig. 1. 
The temperatures used correspond, as in the Rast method, to 
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Fic. 1. Melting points of known mixtures of sativie acids 


the readings at which the last trace of solid melted. It will be 
noted from this graph that a melting point of 156°, which repre- 
sents a eutectic composition of approximately 30 per cent (A) 
and 70 per cent (B), corresponds very closely to the values re- 
ported for a pure sativic acid by some authors. From the por- 
tion of the curve C-A, the composition of fraction (A;) corresponds 
to approximately a 1:1 mixture. Fraction (B,) corresponds 
closely to the eutectic mixture. Calculation from the graph of 
the composition of these two fractions, when losses during. the 
separation procedure are allowed for, makes it possible to esti- 
mate that the composition of the original mixed sativic acids 
corresponds to about equal amounts of (A) and (B). 
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Oxidation of B-Linoleic Acid—-3.62 gm. of B-linoleic acid (iodine 
No. 170.9) were oxidized in the manner described. After several 
crystallizations from 30 per cent acetic acid, 1.75 gm. of mixed 
sativie acids, m. p. 152.5-160.5°, were obtained. This material 
when separated as described above gave 0.51 gm., m. p. 173.5- 
174°, and 0.32 gm., m. p. 162.5-163.0°. Each of these specimens, 
when mixed with the corresponding sativie acid obtained from 
a-linoleic acid, gave no depression in melting point. 

Also 0.41 gm. of mixed sativic acids, m. p. 153-157°, were re- 
covered from the alcoholic mother liquors. This melting point 
corresponds closely to that of the eutectic composition (Fig. 1). 
Similar calculation as employed above would indicate that the 
two acids were formed in equal amounts. The yield of the two 
sativic acids, however, was only 39 per cent as compared to 62 
per cent obtained on oxidation of a-linoleic acid. 

From the study of the melting points of known mixtures of the 
two acids, it appears that the sativic acid melting at 153° or 155°, 
which has been reported by others as a pure compound, was a 
mixture of sativic acids (A) and (B) of nearly the eutectic compo- 
sition. 

DISCUSSION® 


From the results reported in this paper and from some obser- 
vations of others, it has been shown that essentially only two 
tetrabromostearic acids are obtained on bromination of a-, 6-, 
or natural linoleic acid; likewise only two sativie acids are obtained 
on alkaline permanganate oxidation of each linoleic acid. These 
facts make it appear that the a-, 6-, and natural linoleic acids 
obtained from the more common seed oils are identical. 

Further consideration would also indicate that two bromina- 
tion and two oxidation products may reasonably be expected on 
the postulation of but one geometrical configuration for linoleic 


‘Since the completion of the above investigation, a very recent paper 
by McCutcheon (12) has been called to our attention. Although the gen- 
eral conclusions regarding the probable identity of a- and §8-linoleic acids 
are essentially the same as those of the present authors, the explanation of 
the probable mechanism by which the bromination products may be formed 
is somewhat different. The present report, besides containing additional 
information concerning the preparation and bromination of a- and £- 
linoleic acids also deals with a study of the alkaline permanganate oxidation 
products of these acids. 
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acid. It is well known that the action of bromine on certain 
geometrical isomers, such as maleic-fumaric, cinnamic-allocin- 
namic, and oleic-elaidic acids, produces essentially either cis- or 
trans-addition compounds, but not both in the same reaction. 
This behavior is known as cis- or trans-addition. The action of 
bromine on oleic-elaidic acids apparently gives only cis-addition, 
from interpretation of the work of Holde and Gorgas (13). Oxi- 
dation with alkaline permanganate, as a general rule, gives only 
cis-addition of hydroxyl groups to the double bond. If exclu- 
sively only one type of addition takes place to compounds con- 
taining one unsymmetrically substituted double bond, then only 
one of the two possible addition products (racemates) is formed. 
Linoleic acid contains two such double bonds. If it is assumed 
that only one type of addition has taken place to each of the eth- 
noid linkages of a single geometrical form of linoleic acid, only two 
racemic addition products are to be expected. The accompany- 
ing schematic representation may serve to picture the addition 
products that may be formed by cis-addition to the cis-cis isomer 
of linoleic aeid. 

If it is considered that the A12, 13 position of cis-cis-linoleic 
acid (1) is first attacked, then the isomers (II) and (III) would be 
formed as intermediates, which on further bromination or oxida- 
tion would give rise to the end-products (IV), (V) and (VI), 
(VII), respectively. It will be noted that the end-products (1V) 
and (VII) are optical isomers and together would constitute a 
racemate. Likewise, products (V) and (VI) would represent a 
second racemate. 

For the purpose of illustration, the cis-cis configuration for lin- 
oleic acid, which is considered the more likely form from anal- 
ogy to oleic acid, has been used to represent the addition products. 
It is interesting to note, however, that the same reasoning ap- 
plied to each of the other three possible geometrical isomers of 
linoleic acid, the cis-trans, trans-cis, and trans-trans forms, would 
lead to two different racemates. Thus, if the four geometrical 
isomers were present, the eight theoretically possible racemic 
addition products would be formed. The experimental data 
show that only two are obtained; hence the postulation of one 
geometrical configuration for linoleic acid appears justified. It 
may be further pointed out that if only trans-addition instead 
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of cis-addition were assumed to take place, the same reasoning 
would hold; forms (IV), (V), (VI), and (VII) would be produced 
by trans-addition to trans-trans-linoleic acid. 


SUMMARY 


1. a- and B-linoleic acids of similar chemical constants were 
prepared; their bromination and alkaline permanganate oxidation 
products were studied. 

2. Only two tetrabromostearic acids and two sativie acids 
were obtained. With the exception of the liquid tetrabromide, 
these products were separated in pure form and characterized. 

3. It is beheved that a-, 6-, and natural linoleic acids are 
identical and have but one geometrical configuration. 
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THE METABOLISM OF CHLORINATED NAPHTHALENES 


By ROBERT V. CLEARY, JOHN MAIER, anp 
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(From the Department of Physiology, Harvard School of Public 
Health, Boston) 


(Received for publication, November 16, 1938) 


Chlorination products of naphthalene and related compounds 
are of considerable interest because of their wide industrial use 
and possible toxic properties. The toxicity of a number of these 
compounds has been worked out in detail (1), and the pathological 
changes which result from their action have been studied (2). 
The injurious effects are manifested by degenerative changes in 
the liver (2, 3) which are somewhat different from the changes 
produced by chloroform and carbon tetrachloride (2). Neverthe- 
less, small (sublethal) doses of carbon tetrachloride produce a 
high percentage of fatalities when administered to animals which 
have been exposed to certain chloronaphthalenes and chlorinated 
diphenyls (1). The toxicity of the chloronaphthalenes and allied 
substances tends to increase as the number of chlorine atoms in 
the molecule is increased. A mixture of trichloronaphthalenes 
is relatively innocuous, whereas a mixture of penta- and hexa- 
chloronaphthalenes produces considerable liver damage when 
given in small amounts (1). 

Apparently the mode of action of these compounds depends in 
some way on the presence of chlorine in the molecule, and the 
problem of their toxicity is closely related to the general problem 
of the toxicity of organic chlorine. It was interesting and im- 
portant, therefore, to determine as far as possible the fate of 
these compounds in metabolism. It is the purpose of this paper 
to report the results of experiments which indicate the main path- 
ways in the metabolism of one of the compounds previously 
studied (Compound D of Bennett, Drinker, and Warren (2)). 
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EXPERIMENTAL 


Material for Experiment —All experiments. reported here were 
carried out on a mixture of polychlorinated naphthalenes which 
from the chlorine content appears to consist largely of penta- 
and hexachloro compounds. ‘This material, used commercially 
for electrical insulation, has not as yet been resolved into its 
components. It contains 62.6 per cent chlorine. It is insoluble 
in water, ethanol, and acetone; very soluble (30 to 90 per cent) 
in xylene, benzene, and carbon tetrachloride; and moderately 
soluble (2 to 4 per cent) in esters, ethyl ether, oleic and palmitic 
acids, and olive oil. The flow point is at 121° to 125°, and the 
low vapor pressure is 0.2 mm. at 60° and 0.8 mm. at 130°. 

For convenience the material will be referred to hereafter as 
Compound D. 

Absorption—-The compound, dissolved in olive oil, was given by 
stomach tube to albino rats (150 to 200 gm. of body weight) in 
doses varying from 1 to 15 mg. per day. The feces were collected 
for 3 day periods, and were dried at 80° for 4 days.' The material 
then was pulverized and extracted with benzene in a continuous 
extractor. After the benzene was distilled off, the residue was 
transferred to a Carius tube with the aid of a little ether. The 
ether was removed by vacuum distillation; silver nitrate and 
nitric acid were added; the tube was sealed and heated for 2 
hours at 300°. The silver chloride was estimated gravimetrically 
by the method of Pregl (4). The chloride found in the extracts 
varied from 0.1 to 0.4 mg. of chlorine compared with 0.4 mg. of 
benzene-extractable chlorine found in the excreta of a control 
animal over a comparable period of time. To each of two control 
samples, 10.0 mg. portions of finely ground chloronaphthalene 
were added before drying. The chloride recovered was equiv- 
alent to 84 and 85 per cent of the organic chlorine added. 

Apparently, therefore, the rat can absorb chloronaphthalene 
given by mouth nearly quantitatively in amounts up to 15 mg. 
per day. When larger amounts were given (up to 40 mg. per 
day) the feces became semiliquid, and impossible to collect 


1 Finely ground Compound D lost less than 0.1 per cent of its weight 
when heated in the oven under the same conditions. 
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separately, so no quantitative experiments were undertaken. 
However, qualitative tests indicated the presence of organically 
bound chlorine. 

Toxicity—-Doses of 5 to 10 mg. of Compound D per day were 
tolerated for a period of 5 weeks, the longest period studied. 
Doses of 15 mg. per day or greater uniformly killed the animals 
in 3 weeks or less. 

Deposition in Tissues--The observation of Drinker, Warren, 
and Bennett (1), that liver degeneration in rats which had been 
exposed to chloronaphthalene was still demonstrable microscopi- 
cally 2 months after removal from exposure, suggested that de- 
position of the material in the liver might take place during the 
period of exposure, followed by a slow liberation of the active 
toxic material. Consequently, liver tissue and later other organs 
and tissues from exposed animals were analyzed for organically 
bound chlorine. The tissues and organs were dried in the oven 
at 80° for 1 to 4 days. The dry material then was ground in a 
mortar and extracted with benzene. The benzene was removed 
by distillation and the residue was analyzed for chlorine by the 
method previously described, or in later experiments the chlorine 
was liberated by the procedure of Rauscher (5), and estimated 
either gravimetrically, as above, or volumetrically ((6) pp. 177- 
179). 

Liver—A total of fifteen livers from animals which had died 
from exposure to Compound D was analyzed. In one liver from 
an animal fed 15 mg. per day, 0.5 mg. of benzene-soluble chlorine 
was found; in no other sample was more than 0.3 mg. of chlorine 
found. Parallel determinations on normal livers gave similar 
results; a trace (0.1 to 0.3 mg. of chlorine) usually was found in 
the benzene extract. 

Lungs—The lungs from two exposed animals gave only traces 
of benzene-soluble chlorine. 

Skin—Two analyses of skin samples (about 18 sq. em.) failed 
to reveal the presence in this tissue of any significant amount of 
organic chlorine. 

Kidney—One analysis of the kidneys from three rats gave a 
total of 2.7 mg. of chlorine. 

The results show that no significant amounts of the chloro- 
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naphthalene are stored in the tissues examined, and indicate that 
the compounds must be either metabolized or excreted with 
considerable rapidity. 

Detoxication Products—Naphthalene (7, 8), monobromonaph- 
thalene (9), naphthalene monochloride (9), and bromobenzene 
(10) when fed to dogs are metabolized in part at least to mercap- 
turic acids. Consequently, a series of experiments on a dog was 
undertaken to determine whether chloronaphthalenes would be 
metabolized in a similar manner. 

A female dog weighing 15.4 kilos was placed in a metabolism 
cage and given a diet consisting of casein 240 gm., sucrose 440 gm., 
together with brewers’ yeast 88 gm., peanut oil 100 gm., cod liver 


TABLE I 
Urinary Sulfur Analyses Following Chloronaphthalene Feeding 
The values are given in mg. of sulfur, phenol, and chlorine respectively. 


Sulfur analyses | Phenol Chloride 
| | | | Free Conjugated | Inorganic Total 


*1 gm. of Compound D was given immediately after the collection of 
this sample was completed. 


oil 100 gm., salt mixture (Karr (11)) 11.2 gm. plus 21 gm. of tri- 
calcium phosphate per kilo of diet, and a small amount of meat 
extract for flavoring. ‘The intake was stabilized at 150 gm. per 
day with slight loss of body weight. 24 hour urine specimens 
were collected by catheterization. Chlorides were estimated 
gravimetrically before and after evaporation and reduction of or- 
ganic material by the method of Rauscher (5). Total sulfur, 
and inorganic and ethereal sulfates were estimated by the meth- 
ods of Fiske (12), free and conjugated phenols by Folin’s proce- 
dures ((6) pp. 217-219). The data of one such experiment are 
presented in Table I. 

Administration of 1 gm. of Compound D to the dog produced a 
significant increase in the ethereal sulfate output from a basal 
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level of 5 or 6 mg. of sulfur to 24 mg. the Ist day and 19 mg. the 
2nd day. However, there was no significant change in the neu- 
tral sulfur fraction, nor was there any marked change in the 
urinary excretion of glucuronic acid when measured by the method 
of Salt? (13). 

The chloride analyses gave results of considerable interest. No 
organic chlorine was found in the urine. However, there was a 
significant increase in the chloride output above the basal level 
for the 2 days following administration of the chloronaphthalene. 


TABLE II 
Excretion of Urinary Chloride during Chloronaphthalene Feeding 


Group I Group II 
Day Body weight | | Body weight 
| 40 mg. Compound D daily Basa! diet 
l 4.7 172 3.3 169 
2 1.8 1.9 
3 | OF 162 4.2 168 
4 | tan 1.6 
5 | 8.2 149 2.0 174 
6 | 7.7 3.8 
Average...... 7.0 2.8 
7 | 2.0 | 135 6.3 | 159 
8 | 1.4 | 125 | 4.6 148 
| 1.1 120 | 1.6 143 


The “‘extra’”’ chloride amounted to 402 mg., a little over 60 per 
cent of the chlorine fed. This finding suggested the possibility 
that one of the early steps in metabolism of the chlorinated naph- 
thalene might be the liberation of the chloride. This possibility 
was tested in a series of three experiments on albino rats, the 
results of one of which are given in Table II. 


2 There is some evidence (8) to indicate that the mercapturic acid deriva- 
tives of hydrocarbons are excreted as unstable conjugation products of 
glucuronic acid. 
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The rats were given a diet of lactic acid-casein, peanut oil, and 
corn-starch, with cod liver oil and yeast, and Osborne and Men- 
del’s (14) salt mixture modified by substituting lactic acid for the 
hydrochloric acid. After a few days the chloride excretion be- 
came stabilized at a relatively low level. Three animals then 
were given daily 40 mg. of Compound D dissolved in olive oil by 
stomach tube and the three controls were given an equal amount 
of olive oil. The excretion of chloride rose immediately in the 
chioronaphthalene-fed animals and remained at a high level as 
long as the material was given. The animals refused to eat after 
the first few days and lost considerable body weight, which sug- 
gested that part of the “extra’’ chloride excreted might originate 
in the tissues. However, when chloronaphthalene feeding was 
stopped, the chloride excretion promptly fell even though the 
animals continued to lose weight. Moreover, when similar losses 
in body weight were induced in the control animals by fasting, 
only small amounts of “‘extra’’ chloride were excreted. 


DISCUSSION 


The metabolic dehalogenation of halogeno-aryl compounds 
apparently has not been observed previously. The observation 
that it does occur in the metabolism of polychloronaphthalenes 
suggests the possibility that the process may take place more 
generally and previously may have escaped recognition. If this 
is proved true, the toxic properties of such compounds might be 
related to the process of intracellular liberation of halogen. 


SUMMARY 


The metabolism of a mixture of polychloronaphthalenes was 
studied. The substance was found to be absorbed completely 
when given in olive oil solution to albino rats in doses up to 15 mg. 
per day. No significant storage of the material could be detected 
in lung, liver, skin, or kidney, nor was any significant amount 
excreted in the urine. Both the rat and dog apparently were 
able to remove and excrete the chloride promptly. A rise in the 
urinary ethereal sulfate fraction, but no significant change in the 
neutral sulfur excretion, was noted following chloronaphthalene 
feeding in the dog. 
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(Received for publication, November 19, 1938) 


Perosis in chicks, a disease characterized by bone deformities, 
is associated with a high intake of inorganic phosphate, calcium 
phosphate, or other calcium salts, and a low intake of manganese 
(1-6). It was thought possible that this type of diet might have 
some influence on the phosphatase activity of the bones and blood. 
In 1931 Hall and King (7) studied the bone phosphatase activity 
of perotic chickens, using the method of Kay (8) for the phos- 
phatase determination, but could find no change. They con- 
cluded that the deformity was not due to an abnormal composition 
or structure of the bone. Gallup and Norris (9) have found that 
the bones of chicks suffering from perosis are perceptibly shorter 
and thicker than normal and that the bone development is af- 
fected. In our work we have also observed a malformation of the 
leg bones and this led us to believe that there might be some dis- 
turbance in bone metabolism which would affect the phosphatase 
activity. In this paper we wish to report the changes we have 
found in the bone and blood phosphatase activities of perotic 
and normal chicks. 


EXPERIMENTAL 


Day-old white Leghorn chicks were divided into groups of five 
chicks each and placed in suitable cages. The chicks were fed as 
a basal diet Ration 604, which has been described by Clifcorn and 


* A preliminary note on this work appeared in Science, 88, 383 (1938). 
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associates (6), for the uniform production of perosis. This ration 
consists of 48 dextrin, 15 dried beef kidney, 71; crude 
casein, 14; Salts 2 (10) (without manganese), 5; Ca3(PO,)s, 3; 
brewers’ yeast, 2; alcoholic extract of rice bran, 5; percomorph 
oil, 3 drops per chick per week. For the production of normal 
chicks this ration was supplemented with 50 mg. of manganese 
per kilo of ration (11). At the end of 6 weeks the chicks were 
removed from the experiment and blood and bone samples taken 
for the phosphatase determination. 

The samples were prepared as follows: The blood was obtained 
by bleeding the chicks from the carotid artery directly into oxa- 
lated tubes. The tubes were centrifuged and the plasma pipetted 
off and used immediately for the phosphatase determination. 

The bone samples were obtained by removing the tibia as soon 
as possible after killing the chick, weighing, and grinding in an 
iron mortar with a little water (12). The sample was transferred 
and made up to volume in a graduated cylinder, so that the sus- 
pension contained 5 per cent of bone in water. The samples were 
placed in Erlenmeyer flasks, 5 drops of chloroform added as a 
preservative, and the flasks tightly stoppered and allowed to ex- 
tract at room temperature for 48 hours. The extract was then 
filtered through a coarse filter paper and the filtrate used for the 
phosphatase determination. 

The phosphatase activity was determined by the method of 
King and Armstrong (13), modified as follows for use with the 
Evelyn photoelectric colorimeter. | 

Reagents—-A. A buffer substrate composed of 10.3 gm. of sodium 
veronal and 1.09 gm. of disodium phenylphosphate was dissolved 
in water and made up to | liter. This solution was preserved in a 
well stoppered bottle with a few drops of chloroform and stored in 
the refrigerator when not in use. 

B. Phenol reagent of Folin and Ciocalteu (14). This reagent 
was diluted 1:3. 

C. A 20 per cent solution of sodium carbonate, Nae2CQs. 

D. A phenol solution containing exactly 0.1 mg. per ec. (14). 

KE. A standard phenol solution and reagent was prepared by 
mixing 5 ec. of phenol solution (D) with 15 ec. of diluted phenol 
reagent (B) and diluting to 50 cc. with water. This solution 
contained 0.01 mg. of phenol per ce. 
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Determination —10 ce. of buffer substrate (A) are placed in a 
test-tube and the tube put into a 37.5° water bath for 5 minutes. 
Add exactly 0.5 ec. of blood plasma or bone extract filtrate to the 
tube, mix, and allow to remain in the water bath for 30 minutes. 
At the end of this time add at once 4.5 ec. of diluted Folin’s 
phenol reagent (B), mix, and filter. 2 cc. of filtrate are placed 
in a 25 ec. volumetric flask, 2.5 ec. of 20 per cent sodium carbonate 
(C) added, and the mixture made up to volume. Allow to stand 
for 20 minutes, transfer to a colorimeter tube, and read the color 
developed, using the Evelyn photoelectric colorimeter with a 
6600 A. filter. With substances of low phosphatase activity 
more than 2 cc. of filtrate are necessary in order to obtain a read- 
able color. 

Zero hour determinations are run on each sample. To 10 ce. 
of buffer substrate (A) are added 0.5 ec. of enzyme preparation 
and immediately 4.5 ec. of diluted phenol reagent (B), mixed and 
filtered. 10 ce. of filtrate are placed in a 25 cc. volumetric flask, 
2.5 ec. of 20 per cent sodium carbonate (C) added, and the mixture 
made up to volume and read as before. 

Standards are prepared by taking 5 and 10 ce. of the standard 
phenol solution and reagent (2) and adding to each 2.5 ee. of 
20 per cent sodium carbonate (C) and making up to 25 ce. 

A blank is made by taking 3 cc. of diluted phenol reagent (B), 
adding 2.5 cc. of the 20 per cent sodium carbonate solution (C), 
and making up to 25 ce. This blank should be colorless. 

The mg. of phenol liberated are calculated by subtracting the 
mg. of phenol of the zero hour tubes from the mg. of phenol of 
the incubated tubes. This is a measure of the phosphatase ac- 
tivity, 1 phosphatase unit being that amount of enzyme which, 
when allowed to act upon an excess of disodium phenylphosphate 
at pH 9.0 for 30 minutes at 37.5°, will liberate 1 mg. of phenol. 


Results 


Blood and bone phosphatase activity was determined on birds 
receiving Ration 604 as the basal ration, on birds receiving this 
diet supplemented with manganese, and also on chicks receiving 
Ration 604 plus 3 mg. of magnesium per week by injection. The 
results are given in Table I. 

From Table I it can be seen that birds suffering from perosis 
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have lower blood and bone phosphatase activity than normal 
birds. In order to decide whether the lowering was due to perosis, 
or that the lowering preceded the onset of perosis, the following 
experiment was performed. Day-old white Leghorn chicks were 
divided into two groups of thirty chicks each. One group was 
fed Ration 604; the second group, the same basal ration supple- 
mented with 50 mg. of manganese per kilo. Chicks were taken 
off the experiment every 3 days and blood and bone phosphatase 
activity determined. ‘The results are plotted in Charts I and II. 

From the curves it can be seen that the phosphatase activity 
of both blood and bone is high in day-old chicks. It then falls 
rapidly and reaches a fairly constant level. Common (15), using 
a ration consisting of bran, pollards, corn-meal, ground oats, 
extracted soy bean meal, salt, and oyster shells, found that the 


TABLE I 


Blood and Bone Phosphatase Activity of Perotic and Non- Perotic Birds 


. | . | No. of | Units of blood phospha- No. of | | Units of bone phospha- 
Ration No. | Perosis birds tase per 100 ce. birds tase per gm. green bone* 


604 Yes | 22 | 


8. 
604+Mn | No | 21 | 22. 


21 -16.5) | 38 


3 | 4.7 
6 (19.6-28.0) | 39 9.1 
| 44 


* The in represent the limits. 


serum phosphatase activity of chicks showed a rapid increase for 
about 10 to 12 days after hatching and then fell rapidly to a low 
level at 3 weeks. As our ration contains a high level of calcium 
phosphate this may account for the rapid decrease in phosphatase 
activity we have observed. : 

It is evident from the records shown in Charts I and II that the 
chicks receiving the added manganese maintained a higher level 
of phosphatase activity from very shortly after the initiation of 
the experiment. Thus it is apparent that the lowering of phos- 
phatase activity definitely precedes the appearance of slipped 
tendon. 

The effect of other calcium salts on the phosphatase activity 
was also studied. These salts replaced the calcium phosphate in 
Ration 604 at the same percentage level. The data are given in 
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Table II. Here again the activity was lowered, but not depressed 
as far as when the calcium phosphate was fed. <A possible ex- 
planation for this is seen from our work in vitro, described later, 
which shows the inhibitory effect of the calcium and phosphate 
ions. The effect of the phosphate ion is absent when calcium 
earbonate or calcium lactate is fed and only the calcium ion exerts 
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CHart I. © represents blood plasma phosphatase activity of perotic 
chicks; ©, blood plasma phosphatase activity of non-perotice chicks. The 
arrow indicates the first appearance of perosis. 


an inhibitory effect. The effect of the calcium lactate on the 
phosphatase activity is less than that of the calcium carbonate, 
as the calcium lactate contains only one-third as much calcium. 

The blood and bone phosphatase activity of chicks raised on a 
ration in which the calcium and phosphorus levels were not dis- 
torted was determined. The ration used was our grain ration, 
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No. 351 (16), which consists of yellow corn 58, wheat middlings 


25, casein 12, salt 1, CaCO 3 1, Ca3(PO,4)2 1, yeast 1, cod liver oil 1. - 


The following figures show that the blood and bone phosphatase 
activities are higher in these chicks fed ration 351 than in chicks 
receiving Ration 604: nine chicks, 51.3 units of blood phosphatase 
per 100 ec.; ten chicks, 9.3 units of bone phosphatase per gm. of 
green bone. 
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Cuart II. O represents bone phosphatase activity of perotic chicks; 
©, bone phosphatase activity of non-perotic chicks. The arrow indicates 
the first appearance of perosis. 


Since the feeding of manganese increased the phosphatase ac- 
tivity, and when large amounts of calcium phosphate were added 
to the ration there was a lowered activity, it was decided to study 
the effect of various ions 7n vitro. The data secured are given in 


Table IIT. 
From these results it may be seen that the enzyme is activated 
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Ration No. 


Effect of Calcium 


Salt used in ration 


Ca;3(PQ,).* 


CaCO, 


_ Calcium lactate 
| Ca;(PO,), 

| CaCO; 

Calcium lactate | 


TABLE II 


Salts on Phosphatase Activity 


Units o 
No. of blood phos- 


Perosis ‘birds 
Yes 2 
4 
5 
No 5 
5 
5 


phatase per 
100 ce. 


* All calcium salts were fed at a 3 per cent level. 


TABLE III 


417 


Effect of Various lons on Activity of Bone Phosphatase 


Ion added 


Mn 


| Units of bone phosphatase per | 


Amount of ion added 


microgram 


Before 


10 micrograms 


50 
100 

2 
6.2 


100 micrograms 


2 mg. 


100 micrograms 


0.2 mg. as P 


ae 668 


2 


100 micrograms 


2 mg. 


100 micrograms 


gm. green 
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14.6 


ne 


After 


— 
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N & © 


bo 


OO 


9.7 


Per cent activa- 
tion or inhibi- 


tion 


—45.5 


| 
phos- 
No. of phatase per | 
em, green 
604 a 13.8 4 5.1 
604 | 16.2 5 6.7 
604 27.6 5 9.2 
604 + Mn 30.0 5 13.6 
604+ 32.6 5 15.8 
604+ 40.8 5 15.1 
1.5 
5.8 
ié 4 
38.1 
242.0 | 
Mg 57.0 
Ca | | 
| | —13.5 
| 9.6 
Mn) 
|) 
‘6 ) 
9.2 9.3 11 
Mn | 
Mn | 
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definitely by the manganese ion, and to a lesser extent by the 
magnesium ion. Erdtmann (17) has also found activation of the 
enzyme by magnesium. Inhibition has been observed with the 
calcium ion and to a more marked degree with the phosphate ion. 
This is in accordance with the work of Bauer (18) who found in- 
hibition with the calcium ion, and that of Jacobsen (19) who 
observed inhibition with the phosphate ion. The addition of man- 
ganese overcomes the inhibiting effect of the calcium and _ phos- 
phate ions. Inhibition has also been found with zine ions. 

The addition of manganese to a bone phosphatase preparation 
from birds with perosis failed to activate the enzyme to the level 
of birds without this disorder, and is shown in Table IV. Horii 
et al. (20) have found that manganese salts promote the hydrolysis 
of certain phosphoric esters by kidney phosphatase. 


TABLE IV 
Comparison of Additions of Manganese (1 Mg.) to Phosphatase Preparations 


| Units of bone phosphatase per gm. green bone 


| Before | After 
Yes 2.1 | 8.1 
No | 10.6 35.6 
DISCUSSION 


We have found the blood plasma and bone phosphatase activity 
lowered in perosis. In chicks fed a diet high in inorganic phos- 
phate (calcium phosphate) and having a high percentage of slipped 
tendon, there is some metabolic disturbance of the bone. Since 
the lowering of the phosphatase activity precedes markedly the 
appearance of perosis, this seems to be a contributing cause in 
this condition. Chicks fed the same ration but with a supple- 
ment of 50 parts per million of manganese had an approximately 
normal phosphatase activity as compared to the phosphatase 
activity of chicks fed a normal grain ration. When a diet high 
in calcium salts other than the phosphate is fed, there is also a 
lowering of the phosphatase activity and a high incidence of 
perosis. The lowering observed is not as great as when high 
amounts of inorganic phosphate are fed. Here again manganese 
raises the activity to an apparently normal level. Thus the effect 
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of the added manganese seems to counteract the effect of the large 
amount of added phosphate or calcium in the ration. The higher 
the level of phosphate fed the higher is the amount of manganese 
required to prevent perosis. 

These results agree well with those found in studies in vitro. 
The addition of the phosphate ion to the enzyme markedly de- 
creases its activity. Adding manganese restores the activity, 
but this activation depends on the amount of manganese ion 
added as the activator and the amount of phosphate ion added as 
the inhibitor. This is shown in Table III, and similar results are 
observed with the calcium ion. 

These experiments indicate that the main effect of caleium and 
phosphate ions is to depress phosphatase activity, while that of 
manganese 10n 1s to activate the enzyme. However, it was 
found that when the manganese ion was added to an enzyme 
preparation obtained from a chick with perosis, the activity did 
not reach that of an enzyme preparation obtained from a bird 
without perosis (Table IV). This seems to indicate that the 
amount of enzyme present Is less and consequently the manganese 
added does not bring the activity of an enzyme preparation from 
a bird with perosis up to that of a non-perotie bird. This 
would tend to show that the excess calcium and phosphate fed 
depress the formation of the enzyme phosphatase, and that man- 
ganese counteracts this depressing effect. 

It is well known that magnesium activates the enzyme phos- 
phatase. We have also observed this (Table III) and it was 
thought that this element might exert a curative effect on this 
disorder. The chicks were given the basal ration No. 604 and 3 
mg. of magnesium per week by injection. This did not prevent 
perosis (Table I). A possible explanation is that the magnesium 
does not activate the enzyme phosphatase nearly as effectively 
as the manganese ion or counteract the depressing effect of the 
calcium and phosphate ions. 


SUMMARY 


1. A revised method for the determination of blood and bone 
phosphatase activity with disodium phenylphosphate as the sub- 
strate and applicable for use with the Evelyn photoelectric colorim- 
eter has been presented. 


420) Phosphatase in Chick Perosis 


2. The blood and bone phosphatase activity of chicks with 


perosis 1s lower than that of non-perotic birds. 


3. From in vitro experiments manganese has been found to 


have an activating influence on the enzyme, while calcium and 
phosphate ions depress the activity. 
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PROPERTIES OF THE LACTIC ACID-RACEMIZING 
ENZYME OF CLOSTRIDIUM BUTYLICUM* 


By W. BLAKE CHRISTENSEN, MARVIN J. JOHNSON, anp 
W. H. PETERSON 


(From the Departments of Biochemistry and Agricultural Bacteriology, 
University of Wisconsin, Madison) 


(Received for publication, August 5, 1938) 


In previous publications (1-3) it was shown that the acetone- 
butyl alcohol organisms Clostridium acetobutylicum and Clos- 
tridium butylicum have the curious property of converting d- or 
l-lactic acid into the inactive dl form. Katagiri and Kitahara 
(4, 5) found that many lactic acid bacteria and Staphylococcus 
urex also possess this racemizing ability, but that other bacteria 
and many yeasts and molds do not have it. 

In a preceding paper (3) racemization was attributed to an 
enzyme which was thought to consist of two components: one 
found in the cells and heat-stable; the other liberated into the 
medium and heat-labile. Neither cells nor medium functioned 
separately, and hence it was assumed that the racemizing system 
consisted of an enzyme-coenzyme complex. More extended 
study of the problem has shown that it is not necessary to assume 
the existence of an extracellular component and an intracellular 
component. The earlier results may be explained by the dis- 
tribution of enzyme between cells and medium and by the pH 
requirements of the enzyme. 

The present paper deals with these and other factors influencing 
the activities of the enzyme. Such a study, it was hoped, would 
lay the groundwork for elucidation of the function of the enzyme. 


* This work has been aided by a grant from the Wisconsin Alumni Re- 


search Foundation. 
Published with the approval of the Director of the Wisconsin Agricul- 


tural Experiment Station. 
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EXPERIMENTAL 


Culture and Medium—The organism used in this investigation 
was Clostridium butylicum, No. 21. It was always grown in a 
0.5 per cent glucose-0.5 per cent tryptone medium. This is the 
same organism and the same medium used in the studies reported 
by Tatum et al. (3). 

Preparation of Calcium Lactate—Dextrorotatory lactic acid in 
the form of its calcium salt was used. It was prepared in large 
quantities by fermenting glucose with a strain of Lactobacillus 
delbriickit, according to the method of Tatum and Peterson (6). 
Calcium lactate obtained from different fermentations, after 
several recrystallizations from water, always showed a specific 
rotation of —6.1° to —6.3° in a 4 per cent solution. Calcium 
determinations gave practically theoretical results for calcium 
lactate. 


Methods 


All of the work so far reported on racemization of active lactic 
acid has been based on water of crystallization of the zine lactate 
as a measure of the change. This method, however, requires 
much time and is too inaccurate for a quantitative study of the 
enzyme activity. For this reason a shorter and more accurate 
method was needed. Such a method, based on the optical rota- 
tion of calcium d-lactate, was developed. 

Rotation of Calcium d-Lactate——Preliminary experiments on the 
optical properties of calcium d-lactate showed that the specifie 
rotation decreases with increasing concentration. However, 
during racemization experiments the total concentration of cal- 
cium lactate remains the same, although the concentration of the 
d-lactate decreases. It was thought that under such conditions 
the rotation might be closely proportional to the concentration 
of the dextro acid and hence permit calculation of the dl acid 
present. Mixtures of calcium d- and dl-lactate in various propor- 
tions, but always totaling 4 per cent, were made up and read in a 
4 dm. tube in the saccharimeter. From the observed readings 
the composition of the mixtures was determined and compared 
with the calculated values. The data are given in Table I and 
show good agreement between observed and calculated values. 

It was thus evident that if the method could be applied to cell 
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suspensions and cultures the tedious process of extracting the acid, 
preparing the zinc salts, and determining the water of crystalliza- 
tion could be eliminated. 

Treatment of Cultures—-The method employed for preparing the 
cultures for analysis was as follows: Calcium d-lactate was added 
in solution to the culture or fraction to be tested. The amount 
was usually 2 gm. of the anhydrous salt in 50 ce. of solution. The 
volume was adjusted as desired, toluene was added, and the flask 
was tightly stoppered, shaken, and incubated at 37°. After in- 
cubation the solution was boiled to remove the toluene, and the 
pH was adjusted to about 7. After addition of norit to decolorize 
the solution and remove the cells, and of diatomaceous earth to 


TABLE | 
Rotation of Calcium Lactate Solutions 


Composition of solution | in | Racemization 
Cad-lactate Cadl-lactate Caleulated | Observed 
per cent | per cent | degrees | per cent | per cent 
4.00 | 0.00 | 6.13 0.0 | 0.0 
3.52 | 0.48 | —5.30 12.0 | 13.5 
3.00 1.00 | —4.44 25.0 27.6 
2.00 | 2.00 | —3.03 50.0 | 50.5 
1.08 2.92 a 73.0 | 71.8 
0.48 3.52 88.0 | 91.2 
0.00 | 4.00 0.00 | 100.0 | 100.0 


aid filtration, the solution was filtered on a small Buchner funnel, 
and the residue well washed. The filtrate and washings were 
boiled down and made up to a volume such that the resulting con- 
centration of calcium lactate was 4 per cent. The readings on a 
4 dm. tube were taken in a saccharimeter. 

With cell suspensions the above treatment always yielded water- 
clear solutions. Many control experiments in which the enzymes 
were inactivated before incubation gave complete recovery of the 
the active calcium lactate. Similar treatments of solutions of 
active calcium lactate alone gave the same results. Therefore, 
the procedure does not racemize active lactate nor does it remove 
lactate from solution. 

With the cultures or with the cell-free medium certain difficulties 
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were encountered. Following the above treatment duplicate 
solutions often showed differences in rotation as high as 10 per 
cent. Control experiments showed the same discrepancies. 
The differences were finally attributed to optically active sub- 
stances which were removed from the medium in unequal amounts 
by the above treatment. For the quantitative study of the en- 
zyme system, however, it was possible to dispense with the medium 
as a source of the enzyme, since as will be shown later, the cells 
under prescribed conditions are active alone. 


34MG. DRY CELLS 


34 MG. 
_ DRYCELLS 


60 


4) 10 20 30 40 
AGE OF CULTURE HOURS 


Fic. 1. Distribution of enzyme between cells and medium. The ordi- 
nates represent the per cent racemization of 2 gm. of Ca lactate (in 150 ce. 
of solution) accomplished in 40 hours at 37° and pH 5 by cells or medium 
from 90 cc. of culture. 


Distribution of Enzyme between Medium and Cells 


10 liters of culture were sampled at intervals, and the racemizing 
activity at pH 5 of the cells and of the cell-free medium was de- 
termined. The per cent racemization produced by the cells was 
determined in the usual manner. The medium, however, after 
incubation with calcium lactate, was acidified and the lactic acid 
was extracted with ether. The calcium salt of the extracted acid 
was then made, and its specific rotation determined. ‘The results 
are shown in Fig. 1. It is seen that the enzyme content of the 
cells increased up to 20 hours and then decreased as the culture 
aged. That the initial increase in activity does not parallel in- 
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crease in cell weight is illustrated by the fact that in from 9 hours 
to 20 hours the enzyme content increased more than 5-fold, while 
the cell weight only doubled. The enzyme content of the medium 
rose rapidly as the culture aged, the enzyme very obviously being 
liberated into the medium from old cells. 


| Racemization Studies with Cell Suspensions 


In order to study some of the properties of the racemizing en- 
zyme a large quantity of cells was grown. The cells were centri- 
fuged from four different cultures of 14 liters each. The wet 
cells obtained, about 100 gm., were kept in a frozen condition 
until used. These cells have been kept over a period of 8 months, 
during which time they have been repeatedly thawed, and the 
activity has remained quite constant. 

Effect of pH—In preliminary experiments on effect of pH, the 
solutions were adjusted with hydrochloric acid and calcium hy- 
droxide. It was found, however, that upon readjusting the solu- 
| tions to pH 7 the rotations of control solutions containing inac- 
| tivated cells were considerably decreased. However, the use of 
sulfuric acid and calcium hydroxide for pH adjustments gave 
theoretical recovery of the rotations of control solutions upon 
readjustment to pH 7 with the same reagents. In this case the 
excess calcium and sulfate ions were precipitated upon adjusting 
and readjusting the solutions, while in the other the presence of 
excess calcium or chloride ions brought about the decrease in 
rotations. In all experiments, therefore, sulfuric acid and cal- 
cium hydroxide were used as needed for pH control. 

Because of the danger of influencing the rotations, as above, no 
buffers were used. It was found that at pH 5 and below, the 
lactate had sufficient buffer capacity to hold the pH at the de- 
sired value. Above pH 6, where the solutions had very little 
buffer capacity, the greatest fluctuation was about 1 pH unit. 
The pH of each solution was determined before and after incu- 
bation. 

Fig. 2 shows that there is a sharp rise in activity from pH 3 to 
pH 5 followed by a more gradual decrease in activity as the pH 
increases. The optimum is clearly at about pH 5. In view of 
this pronounced effect of pH on the velocity of the racemization 
| reaction, it is possible that the negative results obtained by Kata- 
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girl and Kitahara (5) with many microorganisms may have been 
due to unfavorable pH. 

From the pH curve it appears that the substrate for the racemiz- 
ing enzyme may be the lactate ion rather than the undissociated 
lactic acid. There is appreciable racemization at the higher pH 
values, where the substrate is present entirely as lactate ion. At 
the lower pH values, much of the substrate is present as free lactic 
acid, and consequently the concentration of available substrate 
is lower. In the acid range, therefore, the pH activity curve 
represents the effect of pH on the available substrate concentra- 
tion as well as on the racemization reaction itself. 
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Fic. 2. Effect of pH on enzyme activity. 75 cc. of reaction mixture, 
containing 2 gm. of calcium lactate and 0.25 gm. of wet cells, were incubated 
40 hours at 37°. 


Effect of Enzyme Concentration —In Fig. 3 the effect of enzyme 
concentration on racemization is shown. The solid curve is a 
theoretical curve for a first order reaction and the experimental 
points fall upon or close to it. 

It may be shown on the following theoretical basis that such a 
first order reaction curve is to be expected with the racemizing 
enzyme. Since the product of the reaction is dl-lactic acid, the 
affinity of the enzyme for the d and l acids must necessarily be 
identical. Therefore, since the total lactate concentration re- 
mains constant, the fraction of the total enzyme present as 
enzyme-substrate complex remains the same. Of this combined 
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enzyme, the percentage combined with the d acid is always equal 
to the percentage of d acid in the mixture. Thus it follows that a 
first order reaction is to be expected regardless of the substrate 
concentration. 

Effect of Substrate Concentration—In Fig. 3, the racemization 
given by a cell suspension is plotted against molar concentration 
of lactate. It will be noted that the enzyme did not approach 
maximal activity until a very high substrate concentration was 
reached (0.5 mM). While the data of the figure do not allow an 


RACEMIZATION | 
GRAMS PER 100 | | | | | 
| enzyme | | | 
CONCENTRATION | | | 
suBsTRATE 
| | CONCENTRATION 
1.2 | + 
| | 
08 | | 


| 
| | | 

GRAMS OF WET CELLS PER 75C.C. OR MOLS OF LACTATE @ LITER 


Fic. 3. Effect of variation of enzyme and substrate concentrations on 
racemization. When the enzyme concentration was varied, the calcium 
lactate concentration was 2 gm. per 75 cc., and the incubation time was 
40 hours. When the substrate concentration was varied, 0.25 gm. of wet 
cells was present in 75 ec., and the incubation time was 20 hours. In all 
cases the pH was 5 and the incubation temperature 37°. 


exact determination of the Michaelis constant, its value appar- 
ently lies in the neighborhood of 0.14, a value much higher than 
that for most respiratory enzymes. 

Effect of Cyanide—As shown in Table II, 0.05 m cyanide com- 
pletely inhibits racemization. Iron- or copper-containing enzymes 
are known to be cyanide-sensitive, while most dehydrogenases are 
not. 

Effect of Incubation Temperature—Because of the long incuba- 
tion periods necessary, thermal inactivation of the enzyme limited 
measurement of the racemization velocity at high temperatures. 
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The data of Table III show appreciable inactivation at 45°, and 


probably some inactivation at 40°. 


However, the apparent en- 


ergy of activation of the racemization process is less than that of 


TABLE II 


Effect of Cyanide on Racemization 


100 ec. of reaction mixture, at pH 5, containing 2 gm. of calcium lactate 
and 0.25 gm. of wet cells, were incubated 46 hours at 37°. 


HCN 
M 
0.0 
0.0 
0.05 
0.05 


0.005 
0.005 


Inhibition 


Racemization 
36.4 
34.6 
0.0 100 
0.0 100 
17.0 53 


15.2 


TABLE III 


Temperature Variation of Racemization Velocity 


75 ec. of reaction mixture, at pH 5, contained 2 gm. of calcium lactate 
and 0.25 gm. of wet cells. 
the indicated temperatures. 


The incubation was carried out for 48 hours at 


Velocity con- 


+ 


stant k* 

1.48 6900 
0.411 
0.338 
0.025 


lalp after incubation 
ratio of velocity constants. 


Incubation a] 
temperature 

20 —3.81 

30 —3.03 

40 —2.38 

45 —2.82 

60 | = —5.20 
ch 
t Qio 
4.58 log (k2/ki) 
+h = 


7; 


most enzymatic reactions, which usually ranges from 10,000 to 


20,000 calories. 


Clostridium butylicum Dehydrogenases—While the racemizing 
activity of washed cells is extremely stable, preliminary experi- 
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ments showed the cell dehydrogenases to be extremely unstable. 
The very considerable activity possessed by freshly harvested 
cells disappeared within a few hours. Table LV gives representa- 
tive data. It will be noted that even the fresh cells had very 
little lactic acid dehydrogenase activity, although growing cultures 
of the organism are able to metabolize lactic acid (3). 


TABLE IV 
Dehydrogenase Activity of Washed Cells 
4 cc. of reaction mixture contained cells from 5 ec. of a 22 hour culture, 


1 cc. of 0.02 per cent methylene blue, and 1 ec. of pH 6.4 phosphate buffer. 
The incubation was carried out at 40° in evacuated Thunberg tubes. 


| Decolorization time 
| Concentration of 


Substrate substrate ee | Cells otter 9 brs. 
M min. min. 
0.025 | 7 | 18 
Isopropy! alcohol......... 0.05 | 26 | 69 
0.025 | 22 | 
0.075 | 156 | > 220 


DISCUSSION 


It seems probable that the racemizing enzyme has, in the living 
cell, a function other than that of racemization. 

Any enzyme capable of combination with lactic acid could, 
under the proper conditions, act as a racemase, provided that the 
enzyme possessed an equal affinity for the two optical forms of 
lactic acid and that the enzyme-substrate reaction destroyed the 
asymmetric structure of the a-carbon atom. This might take 
place by momentary, reversible conversion of the lactic acid 
molecule into acrylic acid, pyruvie acid, or methylglyoxal. The 
extreme instability of the cell dehydrogenases, as well as the cyan- 
ide sensitivity of the racemizing enzyme, seems to indicate that 
the latter is not a lactic acid dehydrogenase. Moreover, bac- 
terial dehydrogenases are usually strongly cell-bound, while the 
racemizing enzyme is readily secreted into the medium. The 
substrate affinity of the racemizing enzyme is also much lower 
than that of a dehydrogenase. 
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Since growing cultures of Clostridium butylicum are able to 
ferment added lactic acid (3), and will actually produce lactic 
acid from glucose when grown at high pH values (7), it seems 
probable that the racemization studied in the present paper is 
due to an enzyme concerned in the normal lactic acid metabolism 
of the organism. 


SUMMARY 


Additional data on the pH requirements and distribution of the 
racemizing enzyme of Clostridium butylicum show that the en- 
zyme does not necessarily consist of two components as was pre- 
viously concluded. | 

The enzyme acts most rapidly at pH 5 and at a lactate con- 
centration of 0.5m. It is completely inhibited by 0.05 m cyanide. 

While cells from young cultures are high in enzyme, in old cul- 
tures most of the activity is found in the culture medium. 
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STUDIES ON THE PRODUCTION OF TAUROCHOLIC 
ACID IN THE DOG 


III. CYSTINE DISULFOXIDE, CYSTEINE SULFINIC ACID, AND 
CYSTEIC ACID 


By ROBERT W. VIRTUE ano MILDRED E. DOSTER-VIRTUE 


(From the Department of Chemistry, University of Denver, Denver) 


(Received for publication, October 24, 1938) 


In determining the fate of various sulfur-containing com- 
pounds in the human organism, Medes (1) fed cystine disulfoxide 
(R—S-S--R), cysteine sulfinie acid (R--SO.H), and cysteic acid 

OO 


(R—SO;H). She found that the compound in which the sulfur 
was most highly oxidized, z.e. cysteic acid, was least readily oxidized 
in the organism as far as could be determined by the recoveries of 
organic and sulfate sulfur in the urine. The compound whose 
sulfur was in the lowest state of oxidation, 7.e. cystine disulfoxide, 
was oxidized to the greatest extent by the body, judging again by 
recovery of urinary sulfate. Cysteine sulfinic acid gave inter- 
mediate values for oxidized urinary sulfur. Since the series cys- 
tine disulfoxide > cysteine sulfinic acid > eysteic acid represented 
the relative degree of recovery of oxidized sulfur in the urine, Medes 
believes that this series of compounds does not represent the path 
of oxidation of cystine to sulfate. She suggests ‘that the sulphur 
of the more highly oxidized members of this series may be readily 
available for some other physiological function, such as taurine 
formation.” To obtain more information concerning these sug- 
gestions we have measured the taurocholic acid output of bile 
fistula dogs after administration of the sulfur-containing com- 
pounds. } 


EXPERIMENTAL 


The dog normally forms enough taurine for conjugation with all 
the cholic acid which is available. Fasting depletes the body of 
its supply of taurine. Repeated feedings of cholic acid will also 
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reduce the supply of taurine by increasing its excretion in the bile 
as taurocholic acid. The two procedures for depletion of the tau- 
rine supply were used together in these experiments, as follows: 
In order to measure the cffect of the sulfur-containing substances 
on the output of taurine, bile fis ula dogs were fasted but fed 6.7 
milliequivalents of cholic acid daily. When the taurocholic acid 
production had droppeu, a sulfur-containing compound! was ad- 
ministered with the cholic acid, and the taurocholic acid content 
of the bile was determined. The analytical methods used have 
been described earlier (2). I og 29 (Table III) was treated some- 
what differently than were the other animals, in that it was given 
25 gm. of sucrose per duy. This was given as a protein sparer 
because of the relatively long fast to which the dog was sub- 
jected. 


Results 


The data obtained on administration of cystine disulfoxide are 
presented in Table I. Four attempts were made to feed this sub- 
stance, but vomiting occurred after three of the four attempts. 
Results from the successful feeding are those reported for Dog 36. 
Three subcutaneous injections of the disulfoxide dissolved in a 
minimum of ammonium hydroxide were made. A necrosis ap- 
peared at the site of injectior in two cases. Data for those two 
experiments have been discarded. The data from the one suc- 
cessful subcutaneous injection make up the first experiment on 
Dog 39. Two further administrations of the disulfoxide were 
made intravenously. The data for the second experiment with 
Dog 39 and the experiment with Dog 45 present these results. In 
all four successful experiments an increased excretion of taurocholic 
acid followed the administration of cystine disulfoxide. ‘The in- 
creases were not so large as those found after administering cystine 
(2) or its more highly oxidized derivatives (cysteine sulfinie acid 
and cysteic acid; see below). These results may be complicated 
by the apparent toxicity of the disulfoxide, although no consistent 
rise in the nitrogen excretion was observed when the disulfoxide 


1 We wish to acknowledge the suggestion by Dr. Grace Medes that 
these studies be carried out with cystine disulfoxide and cysteine sulfinic 
acid, and the kindness of Dr. Medes and others of the Lankenau Hospital 
Research Institute in Philadelphia in furnishing these two compounds for 
the experiments herein reported. 
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was given. ‘The increase of taurocholic acid excretion in the sec- 
ond experiment with Dog 39 is small, but it should be noted that 
the amount of disulfoxide injected (3.35 milliequivalents) was 
only half the amount used in other experiments. This smaller 
injection was given because of the toxicity of cystine disulfoxide. 


TABLE I 


Urinary Sulfur Partitions and Taurocholic Acid Production Following 
Administration of Cystine Disulfoxide to Fasting Bile Fistula Dogs 


Each animal was fed 2.8 gm. = 6.7 milliequivalents of cholic acid daily. 
| kg. | gm. | mg. mg. mg. | ae mg. 
9.9 | 3.40 | 185 | 153 32. Not run 2353 
3.31 158 123 | 2021 

3.82 318 | 282 | 36 | 2726" 
Ss 8.5 | 3.21 | 128 | % | 33 | 2467 
39 ] 10.4 466 | 260 | 123 137 | 10 1524 
2.72 186 | 93 712 
3 3.19 290 200 | 38 | 
| 4 9.1 2.94 196 107 oe ae 484 
9 | (1 11.1 | 6.04 420 283 137 2 4287 
a 4.57 | 284 167 
4.01 | 32 | 213 1831t 
| 4 10.0 | 3.42 219 111 1190 
| 2 5.31'| 340 | 108 | 232 | O 882 


} 


* 6.7 milliequivalents of cystine disulfoxide (907 mg.) were given orally. 

t 6.¢ milliequivalents of cystine disulfoxide (907 mg.) were injected (in 
ammonia) subcutaneously. 

t 3.35 milliequivalents of cystine disulfoxide (454 mg.) were injected 
(in ammonia) intravenously. 

§ 6.7 milliequivalents of cystine disulfoxide (907 mg.) were injected (in 
ammonia) intravenously. 


The taurocholic acid figures, exclusive of the experimental day, 
show a definite downward trend, so that any rise on the experi- 
mental day should probably be considered significant. 

With the exception of Dog 45, all the extra sulfur which was 
excreted in the urine after the animals were given cystine disulf- 
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oxide had been oxidized to sulfate, and most of the extra sulfur 
from Dog 45 was in the form of sulfate. Dog 45 showed an un- 
usual sulfur distribution throughout the experiment, for it ex- 
creted only about a third of the urinary sulfur in the oxidized 
fraction. No excretion of extra disulfide sulfur was observed with 
any of the dogs. 

Table II gives the data from five subcutaneous injections of 
cysteine sulfinic acid. Necrosis was not observed after these 


TABLE II 


Urinary Sulfur Partitions and Taurocholic Acid Production Following 
Administration of Cysteine Sulfinic Acid to Fasting Bile Fistula Dogs 


Each animal was fed 2.8 gm. = 6.7 milliequivalents of cholic acid daily. 
| Day | Weight | | Taal | Sufate | | — 
| kg. gm. mg. | mg. | mg. | mg. | mg. 

4 4.61 588 

5 7.3 | 4.85 | 8B | 312 1285* 

4.59 | 322 | 270 sis | 

64 | 4 1217° 

43 l 16.4 | 8.90 | 379 | 242 oe 4537 
2 | 4.96 | 201 | 194 _ ae ee 1982 
| 498 | 370 | 25 | 104 | 6 | 


* 6.7 milliequivalents of cysteine sulfinic acid (1.02 gm.) were injected 
(in water) subcutaneously. 


injections. In each case the taurocholic acid output was increased 
on the day of the injection, indicating that the sulfinic acid may 
have been converted to taurine. Most of the extra urinary sulfur 
from the cysteine sulfinie acid appeared in the sulfate fraction. 
With this compound, however, small but definite amounts of ex- 
tra organic sulfur were excreted after each injection. 

Table III presents the values obtained for taurocholic acid ex- 
cretion and urinary sulfur distribution after three feedings of 
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cysteic acid.? Striking increases were found for the taurocholic 
acid values. In fact, nearly all the sulfur recovered after feeding 
eysteic acid to Dog 29 was that found in the extra taurocholic 
acid. The extra taurocholic acid value for this experimental day 


TaBLeE III 
Urinary Sulfur Partitions and Taurocholic Acid Production Following 
Administration of Cysteic Acid to Fasting Bile Fistula Dogs 
Each animal was fed 2.8 gm. = 6.7 milliequivalents of cholic acid daily. 


kg. gm. mg. | mg. | mg. | mg. omg. 
1 | 10.5 | Urine lost | ~Notrun |= 1282 
Ge a | 3.38 | 146 115 ee 206 
| *& | 4.17 | 214 180 34 1290 
aoe | 3.99 | 190 | 158 | 32 819 
s | 4.02 | 192 149s 433 2714} 
_ aoe 13.4 | 5.64 | 458 | 409 | 49 | 3 2130 
ES | 6.34 | 417 | 333 | 8 | 10 1494§ 
| 4 | 4.11 1493 
33 ] 8.8 | 3.91 | 163 | 126 37 | Notrun = 1058 
2 | 817 
| 2.64 | 222 | 136 | & | | 17544 
4 7.7 | Urine lost | | 


* 25 gm. of sucrose were fed daily to Dog 29. 
+ 6.7 milliequivalents of cystine (0.8 gm.) were given orally. 
t 6.7 milliequivalents of cysteic acid (1.13 gm.) were given orally. 
§ 6.7 milliequivalents of cystamine dihydrochloride (0.75 gm.) were 
given orally. 


indicates a conversion of more than half the cysteic acid to taurine. 
With regard to the urinary sulfur values the dogs differed some- 
what. In contrast to the findings with cystine disulfoxide and 


?'The cystamine values are taken from work previously reported (3). 
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cysteine sulfinic acid, the extra sulfur from cysteic acid was found 
chiefly in the organic, rather than in the oxidized fraction of the 
urinary sulfur. The highest proportion of oxidized extra sulfur 
was excreted by Dog 31, which showed 55 mg. of organic sulfur 
and 66 mg. of sulfate sulfur. Dog 33 excreted 51 mg. of extra 
organic sulfur and no sulfate sulfur, while Dog 29 excreted no 
extra urinary sulfur at all after the ingestion of cysteic acid. 
Administration of cystine to Dog 29 was followed by results such 
as have been reported before (2); namely, increased taurocholic 
acid and sulfate sulfur excretion. 


DISCUSSION 


Several workers (4) have observed that cysteic acid is not oxi- 
dized by the animal body. White, Lewis, and White (5) adminis- 
tered this compound to rabbits orally and subcutaneously and 
found that the relatively small amount of sulfur of cysteic acid 
which had been oxidized was presumably a result of activity of 
intestinal microflora. Such intestinal action may have been re- 
sponsible for the urinary sulfate obtained from our dogs. 

Medes (1) observed that the following series holds true both 
for rate of oxidation to inorganic sulfate and for urinary excretion 
of total sulfur: eystine disulfoxide > cysteine sulfinic acid > 
cysteic acid. She suggested that the sulfur which was not re- 
covered in the urine might have been used for formation of tau- 
rine. The results we have obtained indicate that such utilization 
of these sulfur-containing substances is possible, although the 
total recovery of sulfur in urine and bile accounts for only 
two-thirds to three-fourths of that administered. A greater pro- 
portion of sulfur was recovered in our earlier experiments with 
cystine (2), reported in the first paper of this series. Since admin- 
istration of cysteine sulfinic acid was followed by less conversion 
to sulfate than was administration of cystine disulfoxide, and 
since cysteic acid produced less sulfate than did the sulfinie acid, 
we cannot conclude that these substances represent the normal 
path of oxidation of cystine to sulfate. 

Cystine disulfoxide, cysteine sulfinic acid, and cysteic acid all 
promoted the excretion of extra taurocholic acid. It is conceivable 
that this series of substances could be intermediates in the for- 
mation of taurine from cystine by the dog, since the substances 
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originally more highly oxidized appeared to give rise to more 
taurocholic acid. However, no claims to that effect can be made 
before such compounds are found to exist in the body. 

It is of interest to note that under our conditions cysteic acid 
gave rise to taurine quite readily, while under the same circum- 
stances cystamine (3) did not. Does this mean that decarboxyla- 
tion of cystine occurs more easily in vivo than oxidation of its 
sulfur? ‘The reverse relation seems to hold true in vitro, for 
taurine is easily produced from cystamine (6), while its prepara- 
tion from cysteic acid is difficult (7). 


SUMMARY 


1. Cholie acid was fed to fasting bile fistula dogs for several 
days to deplete their livers of taurine by increasing their output 
of taurocholic acid. Cystine disulfoxide given orally or parenter- 
ally, cysteine sulfinic acid injected subcutaneously, or cysteic 
acid given by mouth with the cholic acid, usually on the 3rd day 
of the fast, increased the excretion of taurocholic acid. Cysteic 
acid was especially effective in this respect. It therefore appears 
that each of these three substances may be changed to taurine by 
the dog. 

2. Nearly all the extra urinary sulfur from orally or parenter- 
ally administered cystine disulfoxide was found in the sulfate 
fraction of the urine. The greater part of the extra sulfur from 
subcutaneously injected cysteine sulfinic acid appeared as urinary 
sulfate. Very little of the sulfur of orally administered eysteic 
acid, however, was oxidized to sulfate. 


The authors wish to acknowledge their indebtedness to Dr. R. 
W. Whitehead of the University of Colorado School of Medicine 
for his cooperation in making available facilities for carrying out 
these experiments. 
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CATALASE. II 


By JAMES B. SUMNER ann ALEXANDER L. DOUNCE 


(From the Department of Physiology and Biochemistry, Cornell University, 
Ithaca, New York) 


(Received for publication, December 8, 1938) 


In our paper (1) announcing the crystallization of beef liver 
catalase we stated that in addition to hematin this enzyme con- 
tained a second side chain. The existence of this was evident 
through the production of a strong blue color upon addition of 
hydrochloric acid to catalase solutions. In the present paper we 
include new observations concerning the preparation and proper- 
ties of catalase. Most of our attention, however, is directed to an 
investigation of the blue substance and to the partition of iron 
between the hematin and the blue substance. 

Crystallization of Catalase--We have observed that if the cata- 
lase crystals from the first crystallization are very fine, as often is 
the case, they will not pack well in the centrifuge tubes, and hence 
will contain considerable ammonium sulfate which was not re- 
moved from the mother liquor. The ammonium sulfate renders 
the crystals difficult to dissolve by the addition of alkaline phos- 
phate buffer of pH 7.4. This difficulty can be overcome by stir- 
ring the crystals with a minimal amount of distilled water to- 
gether with 5 cc. of 9.6 per cent alkaline phosphate buffer of pH 
7.4 for every 5 pounds of liver used, and then dialyzing against 
distilled water until the crystals have gone completely into solu- 
tion and nothing but denatured protein remains. The bulk of 
this denatured protein may be rather large if the tubes become too 
warm during the centrifuging. The dialysis described above has 
never been found necessary for catalase after the first erystalliza- 
tion. 

Another point of interest is that crystalline catalase may be 
prepared in the following manner without the use of ammonium 
sulfate. Extract 300 gm. portions of finely ground beef liver with 
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400 ec. portions of 35 per cent dioxane, and filter overnight in the 
ice chest. Add 20 cc. of dioxane to every 100 ce. of filtrate, let 
stand 12 to 24 hours in the ice chest, and filter again. Next add 
10.2 ce. of dioxane to every 100 cc. of filtrate and allow to stand 
in the ice chest for 24 hours. Filter, allowing to drain completely. 
Now scrape the precipitate from the filter paper and stir with 
water to form a thin cream. Add a few drops of saliva to digest 
the glycogen. Filter, place the filtrate in a collodion sac, and di- 
alyze against distilled water. ‘The catalase precipitates as beauti- 
ful prisms and sometimes partly as plates. Photographs of these 
have been shown in our first paper (1). The catalase crystals 
thus obtained are undoubtedly of high purity, although the yield 
is somewhat diminished. ‘To dissolve the erystals, one adds a 
very small amount of alkaline phosphate buffer of pH 7.4 and 
then solid sodium chloride is cautiously added until solution is 
complete. Since the crystals dissolve slowly, a sufficient time 
must elapse after every addition of the sodium chloride. After 
filtering, the material can be recrystallized by dialyzing and add- 
ing a drop of saturated potassium dihydrogen phosphate from time 
to time if necessary. An alternative procedure is simply to neu- 
tralize the alkaline sodium chloride solution by adding 25 volumes 
of saturated potassium dihydrogen phosphate for every volume of 
alkaline phosphate used, and then chilling the material in the ice 
box. By this means catalase precipitated in the form of plates 
or prisms is always converted to the needle form, described in our 
first paper. The needle form is soluble in alkaline phosphate buf- 
fer of pH 7.4, whereas the prism or plate forms require the addi- 
tion of sodium chloride. In this conversion of prisms or plates 
to needles, the needles will begin to crystallize from the alkaline 
phosphate-sodium chloride solution without neutralizing or change 
of temperature, if too much sodium chloride or alkaline phosphate 
has been used. It is of interest also to note that a very strong 
solution of catalase made by dissolving the needle form in alkaline 
phosphate buffer of pH 7.4 will soon begin to deposit prisms or 
plates or both without change in temperature or neutralization. 

Activity of Catalase--Von Euler and Josephson (2) found a 
Kat. f. of 43,000 for one sample of their purified horse liver catal- 
ase. We reported in our first paper (1) an average value of 26,000 
for beef liver catalase which had been recrystallized several times. 
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Since this time, we have occasionally found values as high as 
35,000. For example, we give as illustration the figures in Table 
I for a sample of catalase crystallized first as prisms according to 
the method outlined above, and then recrystallized three times as 
needles. We beheve that variations in the activity reported for 
erystalline beef liver catalase are to be ascribed to some failure to 
control completely the experimental conditions in the determina- 
tions. ‘The results obtained by ultracentrifugation and diffusion 
in Svedberg’s laboratory (3) have shown our enzyme to be essen- 
tially pure. 

Agner (4) obtained a horse liver catalase of Kat. f. 55,000 to 
60,000, but states that the ultracentrifuge showed this to contain 
from 15 to 20 per cent of impurity. Agner claims, furthermore, 
that he demonstrated to one of us (Professor Sumner) that analy- 
ses run on crystalline beef liver catalase by him gave a result 
strictly comparable to our results. He then gives the Kat. f. 
of our product as 28,000. This is an unfortunate statement, 
since the figure obtained by Agner! for beef liver catalase was ac- 
tually 38,000 instead of 28,000. 

Stern and Wyckoff (5) give as the Kat. f. of their best prepara- 
tion a value of 33,448. Since their enzyme was prepared by 
sedimentation in the ultracentrifuge, it was presumably in reason- 
ably pure condition. ‘These authors, however, make the rather 
surprising statement of having failed in the preparation of crystal- 
line beef liver catalase. Many of our graduate students have 
prepared crystalline catalase without difficulty. There have 
been no failures so far. 

Does Beef Liver Catalase Contain Copper? —Agner (4) states that 
horse liver catalase contains copper, and that this metal may be 


‘The figures taken down from Agner as he gave them were: 


| Solids in catalase 
Time KMnO, Dilution of catalase solution 
nation 
min, ec. | per cent 
0) 3.98 0.02:200 cc. (0.5 ec. of this used 1.14 
3 3.43 in analysis) 
5 3.10 | 
10 2.59 
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present as a part of the catalase molecule. Dr. Eusebio Tria, 
working in this laboratory, finds by analysis of the ash from 
thoroughly dialyzed catalase recrystallized three times that the 
percentage of copper is not more than 0.0015, and hence that not 
more than 0.056 atom of copper is present per molecule of catalase. 
The method used for copper analysis was that of Tompsett (6). 
The dry weight of catalase used was 0.1022 gm. 

Absorption Bands of Catalase— Zeile and Hellstrém (7) reported 
absorption bands for horse liver catalase at 629, 540, and 500 
mu. Stern (8) reported bands in the visible spectrum at 622, 


TABLE 


Determination of Activity of Catalase 


| | Weight of 1 cc. | 


| | 100° 
min, gm. gm. | 
1:10,000 0 0.0510 | 0.0429 0.0006 35, 700 
3 | 0.0493 | | | 
6 | | 
9 | 0.0453 | | | 
1:20,000 0 | 0.0247 | 0.0429 | 0.0006 | 34,500 
3 | 0.0243 | | | 
6 0.0237 | | 
9 0.0220 | | | 


the k values for 3, 6, and 9 minutes and extrapolating to the value at zero 
time. The k values at 3 minutes also can be used without much difference 


in the Kat. f. values. 


540, and 505 muy, for partially purified horse liver catalase. Ieilin 
and Hartree (9) reported bands at 629.5, 544, and 506.5 my for a 
catalase preparation from horse liver. We have already reported 
that crystalline catalase shows bands at 627 and 536 mu. We 
have found the third band at approximately 502 my; this is rather 
broad and difficult to see by illumination from our tungsten fila- 
ment lamp. It is rather plainly visible, however, with the pocket 
spectroscope and direct sunlight as a source of illumination. 
Iron Content —We previously reported the iron content of beef 
catalase as about 0.1 per cent, although some of our values were as 
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low as 0.06 per cent. We now believe that the low results were 
erroneous, owing to failure to dissolve all of the iron in the ash. 
Our improved method shows rather consistent values of from 0.09 
to 0.10 per cent. 

Second Side Chain of Catalase-—As we have already reported, 
upon addition of hydrochloric acid to crystalline catalase, the 
coagulated protein turns a strong blue color. Glacial acetic acid 
dissolves the protein and yields a blue solution. A small sample 
of lamb liver catalase, obtained with great difficulty, also gave this 
blue color. Addition of excess of acetone causes the blue sub- 
stance as well as the hemin to dissolve from the precipitated 
protein. ‘lhe blue solution at this point shows absorption bands 
at 643, 543, and 507 mu, which, of course, are due to the hemin. 
By using methyl alcohol or ethyl aleohol blue solutions also can be 
obtained. Dioxane gives a blue-green solution. 

The hemin can be removed from the blue solution in a quantita- 
tive manner by evaporating in a vacuum until nearly all of the 
acetone is removed. ‘The crystals of hemin that have formed are 
then centrifuged down and the remaining blue solution is de- 
canted. 

The blue color of the aqueous solution gradually fades upon 
standing. ‘The effect of alkali is to turn it brown; reacidification 


results only in partial regeneration of the blue. In the ice box, a 


precipitate gradually forms; this can be filtered off and dissolved 
in acetone plus a few drops of N hydrochloric acid. The ash from 
this green solution shows a low content of iron, whereas most of 
the iron remains in the filtrate. A part of this iron is in the ionic 
form, but more work will be necessary to determine whether it is 
all ionic. 

Shaking with chloroform removes the blue substance from water, 
giving a green chloroform solution. If the chloroform solution 
is shaken with aqueous alkali, the substance is removed from the 
chloroform. 

The blue material resembles bilirubin in giving a Gmelin test 
with Hammarsten’s reagent.2- Here the blue is changed to violet 


? We prefer a more concentrated reagent than the original. We add 
16 ec. of concentrated nitric acid to 50 ec. of concentrated hydrochloric 
acid. When this mixture has become yellow, we add it to 300 cc. of 95 per 
cent ethy! alcohol. 
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and then to red. These substances show absorption bands sim- 
ilar to the bands formed by treating bilirubin with Hammarsten’s 
reagent. 

It has been observed previously by Stern (10) that crude cata- 
lase preparations from horse liver yield this blue-colored solution 
containing hemin, upon addition of acetone and hydrochloric acid. 
Stern claimed the substance to be biliverdin, occurring as an im- 
purity. Lemberg (11), on the other hand, mentions that ‘‘green 
hemin”’ or “verdohemochromogen” accompanies the catalase of 
horse liver extracts. Later Stern and Wyckoff (5) speak of the 
blue substance as verdohemochromogen. 

As we have stated previously, this blue substance from crystal- 
line beef liver catalase is not biliverdin, and we have no convincing 
evidence that it is verdohemochromogen, although it is somewhat 
similar to both substances. It cannot be removed from the cata- 
lase by repeated recrystallizations; indeed, it rather increases with 
the purity of the enzyme. ‘The blue substance is not present as 
such in the catalase molecule, but is produced upon the addition 
of strong acid to the catalase. 

Isolation of the Blue Substance —-Catalase was prepared from 
18 pounds of beef liver and was recrystallized three times, yielding 
about 1.5 gm. This was found to have a Kat. f. of 30,000 after 
standing | month in the ice chest. The third recrystallization was 
brought about by dialysis, which gave a product practically free 
from inorganic salts. This material was centrifuged down and 
was suspended in a volume of 25 cc. of redistilled water. 

For isolation of the blue substance, duplicate preparations were 
made; 5 ec. of the well suspended crystals were used in each. The 
5 ee. of crystalline material were run slowly into 50 ec. of acetone 
plus 10 ec. of N hydrochloric acid, with constant stirring. The 
material was then filtered and the protein residue was washed 
with acetone until free from extractable color. The acetone solu- 
tions were combined and were evaporated at about 30° in a pear- 
shaped Claisen flask in a vacuum from a water pump. When the 
volume of the residue indicated that the amount of acetone used 
had nearly all evaporated and largely water and solids remained, 
the evaporation was discontinued and the crystals of hemin were 
centrifuged down. The blue substance remained in the aqueous 
layer. From spectroscopic examination, and from previous trials 
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of the pyridine hemochromogen test on similar samples, we judge 
the removal of hemin to be quantitative. Solution of the centri- 
fuged hemin in acetone gave a perfectly clear brown solution with 
no visible blue or green color. 

In the second preparation, the evaporation of acetone was car- 
ried a little too far, so that some of the blue material precipitated 
with the hemin. For this reason, it was necessary to dissolve the 
hemin in acetone, add about 3 cc. of water, and evaporate again 
to precipitate the hemin without. the blue substance. The hemin 
was again centrifuged down and the blue solution was added to the 
first blue aqueous solution. Apparently a small amount of acetone 
must be present to prevent precipitation of the blue material. 

As shown in Table II, the amount of iron in the hemin ts ap- 
proximately equal to the amount in the blue substance. Hence 


TABLE II 
Partition of Tron in Catalase 


Experi- Fe in pro- | Fein | Hemin | Hemin | 7.44) Fe |, Total Fe 


ment j|Catalase tein resi- blue sub-|caleulated | by color- . by adding 
No. due min | stance | from Fe | imetry '™ catalase) factions 

mg. mg. mg. a 6 per cent per cent per cent per cent 
1 256 0.027 0.119 0.102)! 0.54 0.92 | 0.96 


2 | 256 | 0.025 | 0.100 | 0.116! 0.46 | 0.42 | 0.92 | 0.94 


it is not possible to calculate the hemin content of catalase from 
the total iron. The per cent of hemin calculated from the hemin 
iron is from 0.46 to 0.54, while a direct determination of the 
isolated hemin dissolved in acetone and compared with a hemin 
standard gave 0.42 per cent.* Hence the beef liver catalase mole- 
cule, with about 0.5 per cent hemin, 0.1 per cent iron, and a molec- 
ular weight of 248,000 (3), contains not 4 but only 2 molecules of 
hematin. Either the claim made by Stern and Wyckoff (5) that 
horse liver catalase contains 4 molecules of hematin is erroneous, 
or else horse liver catalase has twice as much hemin as beef cata- 
lase. 

Attempts to Separate the Side Chains of Catalase Reversibly-We 
have attempted to split the side chains from catalase in a rever- 


*Zeile and Hellstrém (7) reported a hemin content of 0.6 per cent in 
horse liver catalase. 
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sible manner, as Theorell (12) has succeeded in doing with the 
yellow oxidation enzyme. However, upon dialyzing against 0.02 
N hydrochloric acid, the catalase became partly denatured and 
partly inactivated, apparently without decomposing into protein 
and side chain fractions. When a solution was stirred with 
sufficient methyl or ethyl alcohol to produce a precipitate, no 
splitting of the catalase into protein and prosthetic groups could 
be brought about unless the alcohol contained acid. If traces of 
acid were present, the catalase was decomposed to a slight extent, 
giving a filtrate faintly brown in color. The brown filtrate con- 
tained traces of hematin and produced a little blue color upon 
addition of hydrochloric acid. 

We observed that a solution of crystalline catalase is inactivated 
by Fairchild’s trypsin after standing for a day or more at 37°. If 
the digest is dialyzed, a brown substance ,passes through the col- 
lodion membrane. At this point the addition of acetone and 
hydrochloric acid produces a blue color neither with the material 
inside the membrane nor with the solution outside. 


SUMMARY 


1. Modifications of the method for preparing crystalline beef 
liver catalase are described. 

2. Beef liver catalase is shown to be essentially free from copper. 

3. The total iron of beef liver catalase is between 0.09 and 0.10 
per cent. 

4. Catalase contains two side chains. One of these appears as 
hemin, while the second is split off as a blue-colored substance 
upon the addition of acetone and hydrochloric acid. 

5. Only one-half of the iron in catalase is present in the hemin, 
and consequently beef liver catalase contains only 2 hemin mole- 
cules per molecule of catalase. 

6. Treatment of catalase with slightly acid alcohol removes a 
small part of the prosthetic material, giving a brown solution. 
This contains hematin and turns blue on acidification. 

7. Digestion of crystalline catalase with trypsin inactivates the 
enzyme and prevents subsequent production of blue substance. 
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CATALYTIC EFFECTS OF POROUS POWDERS ON 
PURE VITAMIN A 


By HARRY N. HOLMES ann RUTH E. CORBET 
(From the Severance Chemical Laboratory, Oberlin College, Oberlin) 


(Received for publication, November 2, 1938) 


In this laboratory we had often observed the development of 
orange- or red-colored bands while filtering solutions of fish liver 
oil concentrates through adsorption (Tswett) columns of porous 
powders. Other workers reported similar observations. 

Castle, Gillam, Heilbron, and Thompson (1), in 1934, while 
filtering solutions of fish liver oil concentrates through columns 
of alumina and of calcium hydroxide, observed both orange- and 
red-colored bands which they supposed might be due to some 
chemical change in the vitamin A present. 

Karrer, Walker, Schépp, and Morf (2), in 1933, while trying to 
isolate vitamin A, saw similar banding in their adsorption col- 
umns. By the use of calcium oxide or calcium hydroxide tubes 
the main portion of their vitamin A concentrate was separated into 
two fractions designated as @ and 8, with absorption bands of 
270 and 580 my for the a, 328 and 620 muy for the £. 

Gillam and El] Ridi (3), in 1935, claimed that chromatographic 
adsorption may cause isomerization of carotenoids and that by 
it they have converted 6-carotene into a-carotene and vice versa. 
Gillam, Heilbron, Jones, and Lederer (4), in 1938, suspected a 
greater catalytic effect of alumina than of calcium hydroxide on 
certain of the substances present in a fish liver oil concentrate. 

It seemed to us that the adsorbents were not actually separat- 
ing orange or red substances already found in the liver oils but 
actually creating them by catalysis. Banding followed catalysis. 
One of us (H. N. H.) with the assistance of Miss Eva Hartzler 
made some tentative tests of this idea 2 or 3 years ago, using 
approximately 50 per cent vitamin A concentrates. Our suspi- 
cions were strengthened even though we were not working with 
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the pure vitamin. Obviously the question as to the origin of the 
orange or red substances could be settled only by treatment of 
solutions of pure vitamin A with various adsorbents. After the 
isolation (5) of crystalline vitamin A in this laboratory, experi- 
ments became possible. Combinations of seven solvents for the 
vitamin and seven solids in powder form were tried. ‘The chem- 
ical changes produced in pure vitamin A were sometimes aston- 
ishing and served as a warning against blind use of adsorption 
columns with sensitive substances. 


EXPERIMENTAL 


Activation of Adsorbents—-All adsorbents used were activated 
for 2 hours at 200° in a stream of dry nitrogen, immediately before 
use. A rough preliminary experiment, in which vitamin A solu- 
tions in all seven solvents were treated with each of the ad- 
sorbents, was used to indicate which adsorbent-solvent combina- 
tions would prove most interesting. 

Preparation of Solutions -Yolumes of methanol solution (0.75 
ec. containing 30 mg. of vitamin A) were measured into nitrogen- 
filled test-tubes (12 mm. in diameter) and the methanol removed 
almost completely by evaporation at room temperature in a 
vacuum desiccator. Exactly 0.5 ec. of the desired solvent was 
then added to each tube and, after the vitamin was dissolved, 
enough of the activated adsorbent was added to form a ‘‘mud”’ 
with the solution. In other words, there was little or no clear 
supernatant liquid. Deep colors sometimes developed within 
a few minutes, but, when the colored material was soluble in 
the solvent (e.g. “‘activated alumina” with acetone solution), 
the increase in depth of color required several hours. ‘The tubes 
were allowed to stand for about 20 hours at room temperature at 
which time the vitamin A and contaminating products of catalysis 
were eluted by washing three or four times with 0.75 ec. of appro- 
priate solvent, centrifuging, and decanting after each elution. 
The results of the tests on these filtrates are given in Table I. 
The blanks were treated in the same way as the other tubes ex- 
cept that after addition of the 0.5 ec. of solvent no adsorbent was 
added, the tubes merely being stoppered and allowed to stand 20 
hours. The direct color of the filtrate was read in a Lovibond 
tintometer through the thickness of the test-tubes. The results 
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given in Table I were obtained by correcting the figures actually 
read to a basis of 10 mg. of solid per ee. of solution. For ex- 
ample, if 1 cc. contained 20 mg., the reading in color units was 
divided by 2. 

Determination of Blue Value—The blue values were determined 
with the standard antimony trichloride test. They cannot be 
regarded as very accurate because the relative humidity of the 
room at the time was too great (about 60 per cent usually), but 
they can be compared relatively. 

Determination of Value—The spectroscopic absorption 
was measured in a Hilger vitameter, with silver electrodes for the 
are. The accuracy of the instrument is not equal to that of the 
complete spectrophotometer. Furthermore, values of vitamin 
A change on standing in various solvents at room temperatures. 

Solvents Acetone, Baker’s Analyzed, c.p. 

Methanol, from Commercial Solvents Corporation, their 99 
per cent grade, distilled to remove non-volatile residue. 

Ether, Merck’s Reagent, absolute. 

Pentane, b.p. 40-45°. 

Chloroform, from the Dow Chemical Company, vu.s.p. grade. 

Benzene, Baker’s Analyzed, c.p., thiophene-free. 

Cyclohexane, from Eastman Kodak Company, Practical, puri- 
fied by fractional crystallization. 

Adsorbents—-Alumina, ‘‘activated alumina” from the Aluminum 
Company of America. 

Alumina, Merck’s aluminum oxidatum. 

Silica gel, Patrick’s, from the Silica Gel Corporation, not freed 
from iron. 

Silica gel, Patrick’s, freed from iron by acid treatment. 

Silica gel, Holmes’ chalky type (6). Free from iron. 

Magnesium oxide, micron brand from the California Chemical 
Company. 

Calcium hydroxide, Baker’s, v.s.P. 

Fullers’ earth, uncertain source. 

Lloyd’s Reagent, from Eli Lilly and Company. 

Adsorbate—-Vitamin A, our purest product, recrystallized sev- 
eral times from methanol. 

Ionone, Eimer and Amend’s 100 per cent, probably a mixture 
of isomers. 
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Results 


Distortion of Vitamin A Readings——-In the other solvents not 
included in Table I it is noteworthy that magnesium oxide raised 
the E,.2 readings and the antimony trichloride “blue value” 
from 10 per cent to 20 per cent (except in chloroform, where both 
readings fell approximately 40 per cent below that of the con- 
trol solution). 

Calcium hydroxide showed a similar loss of 40 to 50 per cent 
in chloroform but caused only moderate apparent increase in 
methanol and acetone. In cyclohexane the E;.3. loss was 38 
per cent. 

Merck’s alumina was satisfactory with methanol but not in 
some other solvents. “Activated alumina” was satisfactory in 
methanol, ether, and chloroform, but not in acetone or cyclo- 
hexane. 

Lloyd’s Reagent and a commercial silica gel containing a little 
iron oxide were ruinous, as shown by the great lowering in vitamin 
A readings whenever these powders were used. 

Color Changes—Judging from the increase in yellow color of 
the filtrate and residues (and appearance of red), cyclohexane is 
the poorest of the solvents tried. Ether and benzene both favor 
color development. 

Among the solids, ‘activated alumina’”’ always developed more 
color than did Merck’s alumina. Calcium hydroxide caused 
little or no color change in benzene or chloroform but caused a 
very large color increase in methanol, ether, cyclohexane, and 
pentane. Magnesium hydroxide caused a large increase in color 
with ether, acetone, and cyclohexane, a moderate increase with 
methanol and benzene, but no increase in chloroform. Purified 
silica gels were not color developers. 

“Activated Alumina” Column Experiment-—-It seemed desirable to 
apply the findings of the above catalytic experiments to an actual 
adsorption column. A solution of 0.25 gm. of vitamin A in 5 ce. 
of a pentane-benzene mixture (4:1) was passed through a column 
of ‘“‘activated alumina” (100 to 150 mesh) 12 em. deep and 1.7 em. 
wide. Three colored bands appeared and were developed by washing 
with 300 cc. of the pentane-benzene mixture. The top band, about 
1 cm. wide, was yellow, becoming more orange at the lower edge. 
The next was a 2 mm. wide, dark brown band, and the lowest a 
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Effect of Various Adsorbents on Vitamin A in Pentane or Benzene 


Adsorbents 
None 
Activated alu- 
mina 


Merck’s Al.O; 


Silica gel, Holmes’ 


SiO, 


Silica gel (pure), 


Patrick’s 


Silica gel (FeO, | 


impurity), 
Patrick’s 
MgO 


Ca(OH), 


None 
Activated 
mina 
Merck’s Al,O; 

Silica gel, 
Holmes’ SiQ, 


Silica gel (pure), 


Patrick’s 


Silica gel (Fe,O, 


impurity), 
Patrick’s 
MgO 


Ca(OH), 


Fullers’ earth 


alu- 


TABLE | 


Color of residue on 


Color of filtrate evaporation of filtrate 


In pentane 


units 
9 yellow Yellow 
Red 
13 red 
15 yellow _ Yellow 
14 sé 
16 ‘6 
| oil and 
| 2red white powder | 
| 45 yellow, Orange 
| 3 red | 
35 yellow,  Orange-red 


3.5 red 
In benzene 


Yellow 


19 yellow 
Red 
25 red 
21 yellow Yellow 
Yellow 
51 oil and 
1 red powder 
39 yellow, Orange 
2.2 red 
I3yellow  Yellow-orange 
‘100 Orange oil, yvel- 
low powder 


4.5 red 


 Desorbing 


solvent 


| MeOH 


MeOH 


MeOH 


59,000 
3,000 


45,000 
82.000 


Pentane 67,000 


70,000 
| 55,000 


600. 


Pentane | 73,000 


79,000 


62 , 000 


80,000 


49.000 
55,000. 


61,000 


3,200 


56,000. 
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filtrate filtrate 


1040 
1590) 


1420 
1240 


1180 


650 


L510 


1480 


1230 


1720 


1030 
1450 


1440 
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1240 
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band about 3 mm. wide, red-brown in color. The column was 
cut and the bands separated as well as possible into sections for 
elution with methanol. The fractions are further characterized 
in Table II. 

Carotene—In earlier work on adsorption of carotene we occa- 
sionally obtained a greater depth of color in the desorbed material 
than the original solution. In the light of the present work this 
apparently points to a catalytic formation of more coloring mat- 
ter. Gillam and his associates are cited on this point (4). 

Ionone—Since ionone has the same ring structure as vitamin A, 
an experiment was planned to discover whether the adsorbents 
and solvents which were so catalytically active on vitamin A 
would produce any visible changes in ionone. Solutions of 
ionone (25 mg. per 0.5 cc.) in the seven solvents used for vitamin A 
experiments were treated with the activated adsorbents. None 
of the adsorbents produced colored materials from methanol or 
acetone solutions of ionone, but ‘‘activated alumina” produced 
an orange color with lonone in the other solvents, and also in the 
absence of solvent. The colored product was desorbed with 
acetone and the color of the solution measured in a Lovibond 
tintometer. Benzene favored production of the most highly 
colored product, 1 em. depth of a solution containing 6 mg. per 
ec. reading 2.0 yellow units in the tintometer. Ionone itself is 
colorless. Less intense colored materials were produced in ether, 
pentane, and chloroform solutions with Patrick’s crude silica gel, 
in benzene and cyclohexane solutions with magnesia, and in cyclo- 
hexane solutions with calcium hydroxide. Faintly yellow ma- 
terials were obtained from pentane solutions with magnesia and 
calcium hydroxide, and from ionone in the absence of solvent 
with Patrick’s crude silica and with calcium hydroxide. 


DISCUSSION 


The experimental results certainly indicate the desirability of 
preliminary tests before filtering vitamin A solutions through 
adsorbent columns. Since some combinations of solvent and 
adsorbent cause destructive changes in the vitamin, caution is 
desirable in assumptions that any particular substance is separated 
by column analysis into a, B, ete., forms. This separation may 
occur and yet it may be that a catalyzed product tenaciously ad- 
sorbs more or less of the original substance. 
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For that matter, the same tests and precautions must be ad- 
visable for other sensitive substances than vitamin A, if adsorp- 
tion columns are used. 

It is noteworthy that aluminas prepared by two distinctly 
different methods often act quite differently on vitamin A. Of 
the three silicas used, the two free from iron reacted in similar 
manner, but Patrick’s commercial product containing a little 
ferric oxide impurity was usually devastating in its attack on the 
vitamin. 

The extinction coefficient (E ,43.) was often much higher after 
catalysis than in the blank 20 hours old. Of course this serves to 
remind us that other substances than vitamin A strongly absorb 
light of 328 mu wave-length. Such substances occur in certain 
fish liver oils. Obviously, if such substances can form during 


TABLE II 


lractions Obtained from ‘Activated Alumina’’ Column 


Fraction Blue value dm Sees Color of residue 
Top, yellow 58 , O00 1150 50 Orange and yellow oils 
Next, orange — 71,000 1310 54 ~— Red and yellow oils 
Mixture of brown — 68,000 1520 45 Dark red oil 
and dark red a 
Darkest red — -69, 000 1270 46 Red waxy “ 


column treatment, the extinction coefficients of some concen- 
trates will read too high. Similar alarming variations are ob- 
served from the blue values in Tables I and II. 

It is now evident from the experiments with magnesium oxide 
that some earlier high blue values of vitamin A concentrates 
reported from this laboratory were, in part, due to catalytic 
action of magnesia columns on the vitamin or, possibly, on asso- 
ciated impurities. 

SUMMARY 


Solutions of pure vitamin A in seven different solvents were 
treated with seven different adsorbents in order to aid in selec- 
tion of safe adsorbent columns. Catalytic formation of new sub- 
stances, sometimes orange or red, sometimes with greatly changed 
blue values and extinction coefficient values (328 my), was ob- 
served in several instances. 
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It is shown that preliminary testing for such catalysis is ad- 
visable before subjecting any very sensitive substance to treat- 
ment with adsorption columns. 
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THE INFLUENCE OF SOME INTERMEDIARY METAB- 
OLITES AND SALTS ON THE RESPIRATION OF 
LIVER TISSUE SUSPENSIONS 


By K. A. C. ELLIOTT anno F. H. ELLIOTT 


(From The Biochemical Research Foundation of the Franklin Institute, 
Philadelphia) 


(Received for publication, November 18, 1938) 


The respiration of slices of kidney cortex is considerably in- 
creased by the addition of a series of compounds— pyruvate, suc- 
cinate, fumarate, malate, oxaloacetate—-and these substances are 
used up at a rate which would account for more than the increased 
oxygen consumption as well as for certain amounts found to be 
synthesized into carbohydrate (1-3). It was suggested that the 
main course of the oxidative metabolism of these substances in 
kidney cortex is a cycle of reactions whereby one substance is 
converted successively into the next in the order given above. 
This theory may need amplification in view of recent work on 
citrate and a-ketoglutarate with minced tissues (4), and in view of 
the fact that these two compounds behave similarly to the above 
compounds with kidney slices.!_ In all sliced tissues other than 
kidney so far tried, namely rat liver, brain, testis, and cancer tis- 
sue (2, 5), and ox retina and chick embryo (6), there was no evi- 
dence that a similar cycle of reactions takes place, since fumarate 
and malate are scarcely, if at all, oxidized. 

Lately it has been shown that most tissues contain malic dehy- 
drogenase (7) and that fumarate and malate promote catalytically 
the respiration of minced tissues (4, 8-10). 

The relation between the processes involved in the oxidative 
removal of these substances in kidney slices, their lack of effect 
with other sliced tissues, and their catalytic behavior as found in 
minced tissues are obscure. The following observations on the 
effects of various metabolites on the respiration of rat liver sus- 


' Elhott, K. A. C., and Greig, M. E., unpublished data. 
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pensions were made while information was being collected for the 
solution of this problem. Comparative studies on other tissues 
will be reported later. 


EXPERIMENTAL 


General Methods—The simple Barcroft differential respirometer 
(11) was used for most of these experiments. The center tube 
contained 0.3 ec. of 8 per cent KOH and a splayed roll of Whatman 
No. 40 paper to absorb CO, (12). The vessels were in a bath at 
37°. Since large Oz, uptakes occurred, it was necessary occasion- 
ally to open the manometer stop-cocks to the air to allow the mano- 
meter fluid to return to level. The stop-cocks were closed again 
after 30 seconds and readings continued. The manometers were 
shaken at 132 to 150 oscillations per minute with a 2.5 em. ex- 
cursion. Raising the rate of shaking did not increase the rate 
of oxygen uptake. 

Measurements of R.Q. were made by the method outlined by 
Dixon and Elhott (13). With one manometer, A, the Oz, uptake 
Was measured as usual. ‘Two other manometers, B and C, con- 
tained the same additions but no alkali papers. Hanging tubes, 
containing 0.3 ce. of 3 N HCI, were tapped into Manometer Vessels 
B and C at the end and at the start of the experimental period 
respectively. If hy is the reading of Manometer A at the end of 
the experimental period, and hg and he the readings of Mano- 
meters B and C when they have become constant,? and ko,“, 
koo,“, ete., are the vessel constants, then 


O, uptake = h4ako,“ 


CO, evolution = hgkco,? — ha he 


2 When the acid is added to Vessels B and C, the CO, absorbed by the 
medium is liberated rapidly. There often follows a very slow continuous 
further evolution of gas, probably CO, resulting from the decomposition 
of compounds such as acetoacetic acid. The figures for hg and he were 
obtained by extrapolation back to the time the acid was added. If the 
readings taken 75 minutes after the addition of the acid were used for the 
second experiment of Table IV, the r.q. values would have been 0.76, 
0.85, 0.90, instead of 0.78, 0.88, 0.93. 


i 

i 

| 


Kk. A. C. Elhott and F. H. Elliott 459 


For experiments in bicarbonate-buffered medium the Dixon- 
Keilin apparatus (11) filled with oxygen containing 5 per cent 
CO. was used. The tissue suspensions were made by homogeniza- 
tion, with the apparatus of Potter and Klvehjem (14). Unless 
otherwise stated, the liver was removed from a decapitated rat 
and cooled over ice; excess blood was drained off with filter paper 
and 4 gm. weighed into the homogenizer tube. This was thor- 
oughly disintegrated in, and made up to 14 ce. with, 0.05 m 
sodium-potassium phosphate buffer, pH 7.4. The tube was cooled 
in ice water during the homogenization. The suspension was 
used at once. The manometer vessel received 1 ce. of the sus- 
pension, containing 286 mg. of moist tissue, and the total volume 
of fluid in the vessel including other additions and water was 3 ce. 

The solutions used were as follows: NaCl, NaBr, NaNOs, 
Na acetate (pH 7.4), 0.42 Mm; NaSO,, 0.345 m; NasHPO, + 
KH:2PO, (pH 7.4), 0.353 m; glucose, 0.775 m. These solutions are 
all approximately isosmotic, and 1 ec. of any, diluted with 1 ce. 
of 0.05 Mm phosphate buffer and 1 cc. of water, gives a solution iso- 
tonic with serum. J/-Malate, citrate, a-ketoglutarate, pyruvate, 
tartrate, and acetate were prepared by neutralizing the acids to 
pH 7.4 with NaOH and making up to 0.21 m; dl-lactate 0.42 M. 
Oxaloacetie acid was dissolved, neutralized in dilute solution, and 
made up to 0.021 mM immediately before use. 


Results 


Malate and Salt Effects—The effect of fumarate in increasing 
respiration of minced pigeon breast muscle has been studied by 
various authors (4, 9, 10, 15-19). Stare (20) showed that fum- 
arate preserved the initial respiration of minced liver. Additions 
of either fumarate or malate give the same effects, since most tis- 
sues show very active fumarase activity (21), establishing rapidly 
an equilibrium mixture of the two substances. Tables I and III 
and Fig. 1 show that with homogenized liver, in the presence of 
NaCl, added malate causes not only the maintenance of the res- 
piration rate as observed by Stare but also an acceleration of the 
initial respiration. The initial respiration with added NaCl, but 
no malate, is often constant for nearly 20 minutes after the 
equilibration period, but it is lower than when malate is added and 
always falls off some time earlier. 


: 
| 
i 4 
| 
| 


460 Respiration of Liver Tissue 


It has been realized by most workers who have studied fumarate 
effects that the composition of the medium has a considerable 
effect on the results observed. Straub and Annau (22) found the 
respiration of minced muscle, liver, and kidney was lower in 
Ringer-phosphate medium than in plain 0.067 mM phosphate buffer 
and the fumarate effect was much less marked. These results of 
Straub and Annau were almost certainly due to the presence of 
Ca in their Ringer-phosphate. Greville (18) showed that the 
addition to the medium of 0.002 mM CaCl, (about the concentration 
in blood or Ringer’s solution) caused minced pigeon muscle to 
show a low respiration which was little stimulated by fumarate. 
Stare and Baumann (10) found that stronger effects were obtained 
with pigeon breast when a Ringer-phosphate medium (containing 
no Ca) was used instead of 0.067 Mm phosphate buffer, and Greville 
(18) considered that the effects were dependent on the osmotic 
pressure of the medium. Greville found that 0.05 Mm NaCl raised 
and maintained the respiration of pigeon breast mince. Fumar- 
ate, in 0.02 m concentration which is approximately isotonic with 
0.03 Mm NaCl, had a similar effect, so he considered that at least 
part of the fumarate effect on muscle respiration was due to its 
osmotic pressure. Krebs and Eggleston (9) also observed the 
inhibitory effect of Ca on minced pigeon muscle and kidney. 
They did not observe the necessity for NaCl probably because 
their buffer was prepared from Na2zHPO, and HCI and so contained 
sufficient chloride for muscle respiration. 

The results here reported show extremely marked effects of 
NaCl on liver suspensions, which are not all simply osmotic pres- 
sure effects. 

In Tables I and III the rates of respiration during the first and 
second 10 minute intervals are given to show constancy or falling 
off in the initial period. For each series of experiments the total 
O,. uptake is usually given at the time when the respiration of the 
most active member has begun to fall off. 

The effects of salts on the respiration of liver suspensions with 
and without added malate are shown in Table I. 

Adding 0.1 ec. of malate solution to the liver suspension (pre- 
pared as described above) caused no change in the low rate of 
respiration. When 0.1 ec. of NaCl solution (NaCl = 0.014 m) 
was added, there was still no change in respiration with or without 
added malate. 
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When 0.3 cc. of NaCl was added, there was a large increase in 
respiration rate and the addition of 0.1 cc. of malate caused a fur- 
ther increase in initial rate. With 0.6 ec. of NaCl (0.084 m) the 
respiration was still further increased and added malate caused 
further initial increase which continued for a longer period than 
with 0.3 cc. of NaCl. With 1 ce. of NaCl, giving a medium iso- 
tonic with serum, the effects with and without malate were some- 
what depressed again. The optimum NaCl concentration ap- 
peared to be about 0.08 M. 

In order to test whether the effects were due to osmotic pres- 
sure, glucose solution was tried. With 0.3 ec. of glucose there 
was little effect on respiration; 0.6 cc. and 1.2 ce. increased respira- 
tion considerably for a very short time and to about the same ex- 
tent. Apparently, therefore, osmotic pressure is a factor in de- 
termining the residual respiration; but in low concentration glu- 
cose is less effective than NaCl and the respiration falls off again 
even more rapidly than with NaCl. The osmotic pressure does 
not appear to determine the malate effect. With 0.3 ec. of glu- 
cose, added malate, 0.1 ec., caused a fleeting increase in respiration, 
probably due to its osmotic pressure. With 0.6 ec. and 1.2 ce. 
of glucose, added malate had almost no effect. 

Neither sodium sulfate nor phosphate buffer increased the res- 
piration or produced the malate effect appreciably. Actually they 
inhibited the effect of added chloride.* 

However, NaCl could be replaced by NaBr and by NaNQ3 with 
almost identical results. Acetate behaved anomalously since it 
did not increase residual respiration, but, with added malate, the 
respiration was as high as with NaCl plus malate. It thus seems 
that univalent anion is specifically required for the production of 
the malate effect and also these anions (with the exception of ace- 
tate) improve the residual respiration more readily than does iso- 


* If the liver is homogenized in water instead of phosphate buffer, the 
malate and NaCl effects are shown in the absence of buffer. But if 1 ce. 
of 0.05 m phosphate buffer is now added to the aqueous suspension in the 
manometer vessel (making 0.017 mM phosphate), the effects of both NaCl 
and malate are no longer shown. It was mentioned above that high con- 
centrations of added phosphate inhibit the effect of small amounts of NaCl. 
But it is not understood why 0.017 m phosphate, added after homogeniza- 
tion, should inhibit, when tissue actually homogenized in 0.05 m phosphate 
is completely active though the final phosphate concentration in the experi- 
ment is nearly the same, 0.012 m. 
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tonic glucose. With optimal NaCl concentration (0.6 ec.), the 
initial effect was the same whether 0.1 cc. or 0.4 cc. of malate was 
added (giving 0.007 and 0.028 m) but with the higher concentra- 
tion of malate the high rate lasted longer. The effect was strongly 
depressed with 0.8 ec. of malate. The results were similar with 
less chloride present (0.3 cc.) except that in all cases the respiration 
fell off sooner. Evidently the inhibition due to high malate is not 
caused purely by high osmotic pressure, since the same effect is 
seen with the lower salt concentration. 

Malate itself can replace chloride to some extent. In the ab- 
sence of added salt the respiration could be increased by the addi- 
tion of large amounts of malate; 0.4 cc. of malate gave a brief 
effect, 0.8 cc. a longer effect, but with 1.2 ec. it fell off again. In 
no case did the effect last as long as with 0.4 ec. of malate + 0.6 ee. 
of NaCl. With 0.6 ec. of glucose present, though adding 0.1 ce. 
of malate caused no increase, 0.4 ec. of malate produced the full 
effect. These effects may be due to univalent anion provided by 
malate itself, since a small amount of singly dissociated malate 
would be present at the pH of the experiments. 

The same influence of chloride and a smaller, definite increase 
in respiration by 0.025 Mm malate in isotonic glucose were found in 
bicarbonate-buffered medium in an atmosphere of 5 per cent COs, 
in oxygen (Table II). Table II also gives results showing the in- 
hibitory effect of traces of Ca. For these experiments 1.33 gm. 


‘An experiment was carried out in the Dixon-Keilin apparatus with 
sliced liver in bicarbonate-NaCl medium free of Ca, with and without 
added malate. The results were exactly like those previously obtained (5) 
in Krebs’ medium containing Ca. The lack of effect of added malate on 
metabolism of liver slices is, therefore, not due to Cainhibition. Since 
the respiration of suspensions, even with malate, falls off early, it seemed 
possible that the time taken to prepare the slices and the rather long stand- 
ing in the aerated medium before the start of the experiments in the Dixon- 
Keilin apparatus might result in loss of coenzymes necessary for malate 
oxidation. Slices were therefore prepared rapidly from the same liver as 
in the above experiment, not rinsed, but weighed and dropped directly 
into Ca-free medium in the vessels. The gas was passed faster than usual 
but for a shorter period. The respiration was somewhat higher than 
previously observed but was not increased by malate. (Usual method, 
—Qo, = 10.5 with malate, 10.8 without; rapid method, —Qo, = 15.1 with 
malate, 16.2 without.) Malate raised the r.q. from 0.8 to 0.9 and decreased 
the Q.cia from +3.2 to —0.5, small changes indicating slight malate oxida- 
tion under the improved conditions. 
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of tissue were homogenized in 0.025 m bicarbonate with or without 
other salts and made up to 14 ec. with the medium. 3 cc. of the 


TABLE II 
Effects of Salts on Respiration of Liver Suspensions in Bicarbonate and in 
Phosphate Buffer, with and without Added Malate 


286 mg. of moist tissue in 3 ec. of medium. 
The figures give total gas exchange in e.mm. during 90 minutes. 


| 
Medium | Malate | Or | CO». | R.Q. cha 
| M | 
0.017 m phosphate + 0.084 m NaCl | | 164 | 
0.007 | 740 
Extra*) 576 
0.025 “ bicarbonate + 0.84% “ 169 | 100 | 0.59 +852 
0.007 | 660 | 463 | 0.70 | +18 
Extra | 4911363 | 0.74! —34 
0.025 " + no NaCl 125; 60 |0.5 | +72 
0.007 176 | 87 | 0.5 | +77 
Extra 51 | 27 | +5 
0.017 “ phosphate + 0.14 m NaCl 163 | 
0.017 “ “ + 0.084 “ 0.025 | 844 | 
Extra 681 | 
0.025 bicarbonate + 0.12% 233 | 135 98 +114 


0.025 1114 923 
Extra 881 | 788 


S 

to 

~J 


0.025 “ | 113 | 57 5 | +57 
0.0027 Ca | 0.025 122] 53 4 | +44 
Extra 9 | —13 
0.017 m phosphate + 0.14 mM NaCl | | 219 
0.017 +0.084“ 0.025 1148 
0.025 “ bicarbonate + 0.22“ glucose | 202; 94 | 0.5 +73 
0.025 | 403 318 |0.8 +48 
Krebs’ complete physiological me- | | 96; 46 (0.5 | +68 
diumt (containing Ca) 0.025 | 120 59 | 0.5 +63 


* Due to malate. 
+ Containing bicarbonate 0.025 m, NaCl 0.12 m, Ca 0.0025 m, and traces 
of KCI, phosphate, sulfate, Mg, and 0.02 per cent glucose (23). 


suspension were taken and the experiment was done in the Dixon- 
Keilin apparatus. With this apparatus, the suspension has to 
be kept nearly 20 minutes at 38° during the gassing and equilibra- 
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tion period, before the experimental period starts. Samples of 
the same tissue were run in the usual way at the same time in 
phosphate, and the results given in Table I] show the respiration 
after the first 20 minutes at 38°. 

Other Substrates Krebs and his collaborators (4, 9) showed that 
added citrate, a-ketoglutarate, succinate, fumarate, malate, and 


TABLE III 


Effects of Various Substances on Respiration of Liver Suspensions in Presence 
or Absence of NaCl 


dl-Lactate and acetate, 0.014 m; all others, 0.007 m. 
The figures re prese nt 0; uptake 1 in ¢.mm. 


No NaC! 0.084 m NaCl 


sis 
First 10 min. 156 «227-216, 251 216 221 142 137 
Next 10 “ 144) 229 213) 229 217) 197) 158) 105 
Total in 95 min. | | 1115 1060)1145/1302 719 611 422 
First 10 min. | 52, 101 52 139 200 202 184 221 
Next 10 “ | 38 70 33) 91) 194 192 176, 225 
Total in 70 min. | 186 358 175, 3641039 842 931 1098 a 
| | 
| Malate | 23/23 
| | | | 
| | pyruvate | $8) 88 
| | | E+) 8+ 
| | | | | }O |O 
First 10 min. | 208 203 «206 -246 218 
Next 10 “ Peed | 65) 197 196 216 | 203 239 217 
Total in 40 min. “+ | 236 698 716 813 | 653 865 773 


yet fallen off. 


oxaloacetate accelerated the respiration of minced pigeon muscle. 
Lactate and pyruvate as well as glucose and glycogen did not. 
The results given in Table III show that in the presence of 0.6 ce. 
of NaCl, citrate, a-ketoglutarate, malate, and oxaloacetate, and 
also lactate and pyruvate, all accelerated the initial respiration of 
homogenized liver and maintained the high rate for a longer time 
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than without addition. The rate with oxaloacetate fell off earlier 
than with the other substances. Acetate and tartrate were with- 
out effect. All these active substances induced about the same 
initial rate of oxygen uptake and there was no sign of an additive 
effect when two substances were added together. Their action, 
except in the case of lactate, was completely dependent on the 
presence of NaCl (presumably univalent anion). With lactate a 
definite extra oxygen uptake occurred even without added NaCl; 
with NaCl the rate was increased. The concentration of the lac- 
tate added was too low for it to exert appreciable univalent anion 
effect itself. It seems probable that lactate is oxidized to pyru- 
vate and that the mechanisms for this step do not require the 
presence of univalent anion for their activity. 

Respiratory Quotients Stare and Baumann (10) and Banga (24) 
showed that the addition of small amounts of fumarate to minced 
muscle caused increased respiration with an R.q. of near unity, 
which indicated that the fumarate was catalyzing the oxidation of 
normal, mostly carbohydrate, substances. The same was shown 
by Greville (19) with fine dispersions of pigeon muscle. With 
larger amounts of fumarate, 0.02 to 0.026 mM, the R.Q. was raised to 
1.20 to 1.26 (10), indicating that fumarate itself was being oxidized 
to some extent. (The r.q. for complete oxidation of fumarate or 
malate is 1.33.) 

In Tables II and IV the effects of malate on the r.q. of homo- 
genized liver are shown. With the simple Barcroft method men- 
tioned above,? it was possible to measure the R.q. during the 
initial period when the residual respiration was still quite rapid, 
and during the next period when the residual respiration had 
largely ceased and nearly all the respiration in the presence of 
malate was due to the malate. It is seen (Table IV) that with 
normal liver the R.@. in either case was less than unity, showing 
that scarcely any fumarate was being oxidized away, most of the 
respiration being due to normal substrates. With livers of fasted 
animals the respiration with malate was as high as usual, but the 
R.Q. was low, about 0.7, indicating that, in the absence of glyco- 
gen, malate can bring about the oxidation of substances other than 
carbohydrate. 

In bicarbonate buffer also, see Table II, the r.q. with added 
malate was well below unity. The use of the Dixon-Keilin appara- 
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tus disclosed a removal of acid groups, especially when a fairly 
high (0.025 mM) malate concentration was used. This probably 
indicates some complete oxidation of malate, but the acid group 


TABLE IV 
Effects of Added Malate, Pyruvate, and Citrate, on O, Uptake and 
Respiratory Quotient of Liver Suspensions 
286 mg. of moist tissue in 3 cc. of 0.012 mM phosphate buffer, pH 7.4. 
Added NaCl, 0.084 M, in all. 


Time 


Fed rats 


min. c.mm., ¢.mm., 
No addition 60 400 232 0.58 
Malate, 0.028 m 60 1161 1095 0.94 
No addition First 35 172 134 0.78 
Next 45 61 55+ | 
Malate, 0.028 m First 35 606 532 | 0.88 


Next 45 483 449 | 0.93 
Rat fasted 29 hrs. 
No addition First 25 252 


Next 35 75 15+ © 
Malate, 0.007 m First 25 583 | 418 | 0.72 
Next 35 382 | 239 0.63 
Fed rats 
No addition First 30 | 367 | 253 0.69 
Next 50 22+ 
Pyruvate, 0.014 m First 30 574 640 1.11 
Next 50 584 | | 
No addition First 25 291 ae ee 
Next 25 85 | ae 


removal was not nearly sufficient to account for the whole 
extra oxygen uptake as malate oxidation. For instance, in the 
second experiment of Table II, the acid disappearance corre- 
sponded to 273 ¢.mm. which, if entirely due to malate removal, 
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would account for 410 e.mm. of O2, whereas actually 881 ¢.mm. of 
extra Og were taken up. In other experiments with 0.025 x 
malate, less acid disappeared, and in low malate concentration, 
0.007 M, the acid disappearance was negligible and the malate 
effect appeared to be almost entirely catalytic. 

With pyruvate, the R.q. was raised considerably; during the 
initial period it was greater than unity and the r.q. of the extra 
respiration was high. Evidently this substance does not behave 
purely as a catalyst but is oxidized itself considerably. (The r.a. 
for complete oxidation of pyruvate is 1.2; see also next section.) 
In one experiment with citrate the R.q. was raised slightly above 
unity. 

Formation and Removal of B-Ketonic Acids—-The formation of 
acetoacetate from pyruvate by liver has been shown by various 
workers (25 29). By qualitative nitroprusside tests, Annau (30) 
showed that small amounts of acetone body were formed by liver 
mince without addition; with added pyruvate considerably more 
was formed. While the inhibitor, malonate, increased the ac- 
cumulation of acetone bodies, the addition of fumarate diminished 
it. He concluded that fumarate catalyzed the normal oxidation 
of pyruvate, and in its absence acetoacetate was formed by a less 
normal condensation and oxidation. It seems equally possible 
that fumarate catalyzes the oxidation of the acetoacetate. At 
the end of a number of experiments 6-ketonic acids were estimated 
by the aniline citrate method (31, 27);> the results shown in Table 


‘For the estimation of the 8-ketonic acids at the end of a respiration 
experiment, 0.3 ec. of 3 N HCl was added to the tissue suspension in the 
manometer vessel; the alkali paper was removed and alkali carefully washed 
out with acid, a medicine dropper being used. A Keilin hanging tube con- 
taining 0.3 ec. of aniline citrate was introduced. The left, control, vessel 
containing 3 cc. of water also received HC! and a hanging tube of aniline 
citrate. The vessels were attached to the manometer again and returned 
to the bath at 37° (a cool bath is better but was not conveniently available). 
After 10 minutes shaking the taps were closed. Readings were taken for 
the next 25 minutes, slight CO, evolution occurring, and, by extrapolation, 
the zero reading at the time of introduction of the vessels into the bath 
was estimated. The tubes of aniline citrate were then tapped in. After 
10 to 15 minutes the CO, evolution was complete. (A very slow gas absorp- 
tion may occur later.) The method under these conditions does not differ- 
entiate between oxaloacetic and acetoacetic acids. 1 molecule of either 
yields 1 molecule of CQz:. 
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V confirm the observations of Annau. It is seen that the equiv- 
alent of 19 to 50 e¢.mm. of acetoacetate was formed without addi- 
tion; with added pyruvate 100 to 140 c¢.mm. were formed. <A 
considerable amount was formed from lactate and an appreciable 


TaBLe V 
Formation and Disappearance of B-Ketonic Acids (Aceloacetic and 
Oraloacetic) 

286 mg. of moist tissue in 3 ec. of 0.012 M phosphate buffer. NaCl added, 
0.084 mM, to all except last three of Experiment 1. All substrates 0.007 
except in Experiments 5 and 6. 

The figures represent ¢.mm. of CO, liberated by aniline. 


No NaC] 


Exper- §-Keto No Pyru- 
| addition Malate vate lactate Citrate No Pyru- Lac- 
‘ties vate tate 
| 
l 70 19 1] 142 | 13 
2 | @& | 2 | | 50 | 
Oxal | Oxalo- | Malate + | Oxalo- 
3 | 40 | 25 | 
4 | 10 | 12 7 31 | | | | 
40 | 47 0 105 | | | 
105 0 137 | | 
Oxalo- 
Malate, .- Oxaloacetate, 0.028 min buffer + NaCl; 
0.028 no tissue 
5 0) 1380 
11 417 (25 (evolved spontaneously, 10 min.) 
140 19 22 32 
6 | 90 | 24, 25 | 40, 36 


* Oxaloacetate, estimated in presence of tissue immediately after 
addition, gave 470 e.mm. of CQ,. 


amount from citrate. Added malate or oxaloacetate, 0.007 M, 
decreased the 6-keto acid found, though when a higher concentra- 
tion, 0.028 mM, was used, some oxaloacetate apparently remained 
(Experiments 5 and 6). Table V, Experiment 4, shows that the 
acetoacetate was formed rapidly in the first 30 minutes; its rate 
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of formation then fell off while respiration still proceeded rapidly, 
It is to be noticed that in the absence of NaCl, lactate and pyru- 
vate do not give acetoacetate. The formation of some aceto- 
acetate may partly account for the raised r.q. values obtained with 
added pyruvate or citrate (the r.q. for oxidation of pyruvate to 
acetoacetate is 2.0, for citrate it is 4.0). 

Stare (20) showed that liver mince caused a very rapid disap- 
pearance of added oxaloacetate, and that most of the disappear- 
ance could be accounted for by reduction to malate, the remainder 
by decomposition to pyruvate. The results given in Table V, 
Experiment 5, also show the rapid removal of oxaloacetate. It 
should be noted that in spite of the fact that added oxaloacetate 
was accepting H at an extremely rapid rate, the rate at which 
oxygen was reduced, that is the oxygen uptake, was not decreased. 

Variations in Activity of Livers—-Occasionally livers were ob- 
tained (eight out of a total of forty-five livers) which showed no 
effect of added malate under the usual conditions. Usually the 
residual oxygen uptake of such livers, in the presence of NaCl, was 
low. By chance an experiment was done with one of these inae- 
tive livers in which the amount of tissue was varied. The results 
are shown in Fig. 1, B. It is seen that with a higher concentration 
of liver the effect of malate became apparent. An experiment with 
a liver which was active in the usual conditions showed that with 
a lower concentration of tissue the malate effect was lost (Fig. 1, 
A). When there was no malate effect, the respiration, with or 
without malate, fell off from the start instead of being constant at a 
high rate for an initial period. It seems possible that some com- 
ponent of the system has to be present in a minimum concentra- 
tion in the medium for the respiration to be maintained and the 
malate to have an effect. Certain livers are comparatively de- 
ficient in this component. Possibly in all livers the component is 
destroyed by oxidizing conditions so that respiration falls off after 
a time, though added malate, by maintaining connection with the 
reducing donators, is usually able to preserve the component for a 
longer time. 

Bearing on this point is the fact that homogenized liver loses 
its activity quite rapidly on standing, even in the refrigerator. 
But a liver may be kept on ice for several hours before being homog- 
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enized and still show almost its full activity. Presumably the 
intact tissue keeps the component in a reduced, stable, condition. 

The reason for the occurrence of the “‘inactive”’ livers is obscure. 
On several occasions when two rats in the same apparently good 
condition were taken from the same cage, the liver of one was “‘in- 
active’ and the other fully active under identical experimental 
conditions. That the variation does not depend on the glycogen 
content of the liver was shown by several experiments with livers 


R FALLING, OFF 


mm. 


O, TAKEN UP 


BO 
MINUTES MINUTES 


Fic. 1. Effects of varying concentrations of liver tissue (A, ‘‘active;”’ 
B, “inactive’’) on the oxygen uptake with and without added malate. The 
vessels received 1.5, 1.0, or 0.5 ec. of liver suspension, in 0.05 m phosphate 
buffer, equivalent to 429, 286, or 183 mg. of moist tissue. With 0.5 cc. of 
suspension, 0.5 cc. of extra 0.05 m buffer was added. For curves marked M, 
the vessels received 0.4 cc. of 0.21 m l-malate solution plus 0.6 cc. of 0.42 m 
NaCl solution. Others received 1.0 ce. of NaCl solution. All volumes 
were made to 3 cc. with water. 


of rats fasted 24 to 30 hours. These livers were always remark- 
ably active. 

Other Tissues—Work has been done on homogenized brain, 
kidney, and testis. Brain and kidney behave very similarly to 
liver with certain differences. The behavior of testis suspension 
is entirely different (possibly owing to incomplete rupture of sperm 
cells). These results will be reported later. 


ALLING OFF | 
AFTER 75 mins. Mins. 
tec cc 
1000) Se | 
| | 
800 | | 
| | 
| 7 | / 
| / Occ. —-———- / 
/ 
200 // |.Occ+M | 
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DISCUSSION 


There are two theories concerning the catalytic action in animal 
tissues of the metabolites studied in this paper. According to 
von Szent-Gyorgyi and his school (8), sueccinate-fumarate and 
malate-oxaloacetate with their dehydrogenases serve as hydrogen 
transporters between donators and the oxygen-activating system. 
According to Krebs (4, 9) these substances, with citrate and 
a-ketoglutarate, represent steps in a cycle of reactions which in- 
cludes a condensation between oxaloacetate and ‘“‘triose,”’ or other 
carbohydrate derivatives, which yields citrate. Krebs’ theory 
has been critically examined by Breusch (32) and the question is 
not settled. It is possible that citrate and a-ketoglutarate are 
oxidized and that the fumarate, etc., formed, act as catalysts in 
the von Szent-Gy6érgyi sense. This might also be the manner 
in which pyruvate, which Krebs does not include in his eyele, 
exerts most of its effect. 

A point to be noted is that with all these substances, including 
pyruvate and oxaloacetate, the initial oxygen uptake rate is about 
the same and the effects of the different substances are not additive 
(Table III). Also the effects of all of them are dependent on the 
presence of univalent anion. Oxaloacetate when first added acts 
as a hydrogen acceptor at a very high rate, corresponding to an 
oxygen usage of 1200 to 2700 ¢.mm. of O2 per hour under the con- 
ditions of these experiments, yet the actual initial oxygen uptake 
is still as rapid as with the other substances added. It therefore 
appears that in all cases the rate of oxygen uptake is limited by the 
same process, probably the process which requires the presence of 
univalent anion. The discovery of what this limiting process is 
should help in the elucidation of the whole respiratory process. 
Banga (16), Stare and Baumann (10), Greville (19), and Krebs 
and Eggleston (9) have shown that heated muscle extracts in- 
crease the respiration of muscle suspensions with fumarate. These 
increases are possibly partly due to NaCl in the extracts but prob- 
ably mainly due to the presence of a coenzyme which is concerned 
in the limiting process. Krebs and Eggleston (9) have shown that 
a further marked increase in the respiration of muscle mince is 
produced by small additions of insulin. Insulin, therefore, may 
be concerned in the limiting process. 

Banga (16) mentioned that in Ringer’s solution the reduction of 
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oxaloacetate to malate by muscle suspension was inhibited. This 
was probably due to the Ca in her Ringer’s solution and her ob- 
servation may help fix the point of action of Ca. 


SUMMARY 


l. The rate of respiration of liver suspensions is increased in the 
presence of chloride or other univalent anions. The respiration 
can also be increased for a short time by raising the osmotic pres- 
sure with glucose. With glucose a higher osmotic pressure is 
required than with NaCl. 

2. The respiration is further increased, and maintained at a 
high level for a longer period, by the addition of malate, oxalo- 
acetate, citrate, a-ketoglutarate, and pyruvate. The action of 
these substances is completely dependent on the presence of 
chloride (univalent anion). Lactate also increases the respiration 
but part of the increase, presumably that due to oxidation to 
pyruvate, is not dependent on chloride. | 

3. Measurements of R.q. with livers of normal and fasted rats 
show that the effect of added malate is largely catalytic and that 
non-carbohydrate materials as well as carbohydrate derivatives 
are probably burnt as a result of this catalysis. Some malate is 
completely oxidized, at least in bicarbonate buffer. Pyruvate and, 
to a lesser extent, citrate raise the R.q., and this may be due to the 
fact that a considerable amount of acetoacetate is formed from 
pyruvate and some from citrate (the r.q. for conversion of pyru- 
vate to acetoacetate is 2.0, for citrate it is 4.0). 

4. Some 6-ketonic acid (acetoacetic) is formed by the respiring 
tissue, considerably more when pyruvate is added. The amounts 
are decreased by the presence of added malate or oxaloacetate. 
The formation of acetoacetate from pyruvate does not occur in 
the absence of NaCl. 

5. Added oxaloacetate is removed, mostly by reduction to 
malate (20); 2.e., it acts as H acceptor, at a very rapid rate, even 
in the presence of oxygen, yet the initial rate of oxygen uptake is 
the same as with added malate. 

6. The effect of malate is dependent on a certain minimum con- 
centration of tissue. Occasionally livers are obtained with which 
this limiting concentration is unusually high. The responsive- 
ness to malate keeps for several hours in intact excised liver but is 
soon lost after dispersion in buffer, even in the cold. 
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THE SYNTHESIS OF DICHOLYLCYSTINE AND 
CHOLYLCYSTEIC ACID* 


By SIDNEY F. VELICK, JULIUS WHITE, ann HOWARD B. LEWIS 


(From the Department of Biological Chemistry, Medical School, University 
of Michigan, Ann Arbor) 


(Received for publication, December 12, 1938) 


The mechanism by which taurocholic acid is formed in the body 
has not yet been established. It has been suggested that the 
taurine is derived from cystine by the series of reactions, cystine—> 
eysteic acid—taurine, which has long been known to the organic 
chemist (1, 2). The possibility that taurine, thus formed, is 
conjugated directly with cholic acid is suggested by experiments 
in which simultaneous feeding of taurine and cholic acid to dogs 
increased the aleohol-soluble sulfur of the bile, whereas either 
taurine or cholic acid fed separately under suitable conditions 
did not alter the amount of this sulfur fraction or of the conju- 
gated amino nitrogen in the bile (3, 4). It has also been ob- 
served that the alcohol-soluble sulfur of the bile increases after 
the administration of cystine and cholie acid together (3, 4). 

If, in the living organism, taurine is derived from cystine, it is 
possible that the conversion of cystine to taurine may occur 
before the conjugation of the latter substance with cholic acid. 
The behavior of taurine when fed with cholic acid favors this 
mechanism. However, it is also possible that cystine is conju- 
gated with cholic acid and the cholyleystine thus formed is con- 
verted to taurocholic acid (cholyltaurine). Such a mechanism is 
supported by the experiments of Blum (5) who injected cystine 
into the vein of a dog and was able to obtain from the bile an 
alcohol-soluble substance containing labile sulfur and _ cholic 


* A preliminary report of this investigation was presented before the 
Thirty-second annual meeting of the American Society of Biological Chem- 
ists at Baltimore, March 30-April 2, 1938 (Velick, S. F., and White, J., 
Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 123, p. exxiii (1938)). 
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acid. These properties suggest the presence of dicholyleystine 
or some similar substance in the bile. 

The following series of reactions may represent the biological 
synthesis of taurocholic acid (cholyltaurine): chohe acid + cys- 
tine—dicholyleystine; dicholyleystine—cholyleysteic acid; cholyl- 
eysteic acid—cholyltaurine. 

In order to study this proposed mechanism, dicholyleystine! and 
cholyleysteic acid have been synthesized. Triformylcholic acid 
was converted to the acid chloride and coupled in chloroform 
solution with the dimethyl ester of cystine. Selective hydrolysis 
in dioxane converted the ester to the acid. The formyl groups 
were removed by the action of anhydrous ammonia in methyl 
alcohol and the product was isolated as the diammonium salt. 
Acidification with dilute hydrochloric acid produced the free 
acid. Cholyleysteic acid was prepared by the oxidation of di(tri- 
formylcholyl)-cystine dimethyl ester with bromine and subsequent 
removal of the formyl groups with sodium methylate. The 
cholyleysteic acid was isolated as the sodium salt. 


EXPERIMENTAL 


Triformylcholic Acid—-This compound was prepared by a 
method essentially the same as that of Cortese and Baumann (7). 
50 gm. of cholic acid (Hoffmann-La Roche), m.p. 196°, were dis- 
solved in 100 cc. of redistilled formic acid and the mixture was 
heated for 6 hours at 60° in a glass-stoppered flask. The clear 
yellowish reaction mixture was poured slowly and with vigorous 
stirring into several volumes of distilled water containing cracked 
ice. The white granular precipitate which formed was filtered 
by suction, dissolved in 500 cc. of hot 95 per cent alcohol, and 600 
ec. of boiling water were added gradually. After standing 5 
hours at room temperature, the crystals were filtered off and 
recrystallized again. 50 gm. were obtained. Yield, 83 per cent. 
M.p. 206°. 


1 After the completion of this work, the synthesis of cystocholic acid 
(dicholyleystine) was reported from Sobotka’s laboratory by Holzmann (6). 
Beyond the statement that the synthesis was carried out by the procedure 
of Curtius, no details are available. We also prepared small amounts of 
dicholyleystine by the azide method, but abandoned this method, since 
better yields were obtained by the more convenient procedure described in 
this paper. 
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Triformylcholyl Chloride—The method of Cortese and Baumann 
(8) was employed. It was necessary to distil the thionyl chloride 
from quinoline and then from linseed oil in a moisture-free cham- 
ber immediately before each run. Unless these precautions were 
taken, the product became highly colored. 

Dimethyl Ester of Di(Triformylcholyl)-Cystine--A solution of 
10 gm. of freshly prepared triformylcholyl chloride dissolved in 
100 ec. of dry chloroform was added gradually to twice the equiva- 
lent amount of the dimethyl ester of cystine in 70 cc. of chloro- 
form. The solution was allowed to stand for 3 hours at room 
temperature. The precipitated ester hydrochloride of cystine 
was removed by filtration and the filtrate was extracted several 
times with 10 per cent hydrochloric acid, then with 5 per cent 
sodium carbonate, and finally with water. The chloroform solu- 
tion, after extraction, was dried over sodium sulfate and the 
chloroform was removed in vacuo on a water bath at 60°. The 
residue was crystallized from hot capryl alcohol. The needles 
melted at 88-90°. Yield, 70 per cent. 


Coeo2H sOisN2S2. Calculated, N 2.29, S 5.25; found, N 2.16, S 5.08 


Diammonium Salt of Dicholylcystine—The dimethyl ester of 
di(triformylcholyl)-cystine was dissolved in 10 times its weight 
of dioxane, 8 equivalents of N sodium hydroxide were added, and 
the solution was shaken in a stoppered flask for 20 minutes. An 
amount of N hydrochloric acid equivalent to the alkali used was 
added and the dioxane was distilled off in vacuo. This procedure 
removed the methyl groups and some of the protecting formy] 
groups. Without further purification, 2 gm. of the dried product 
were dissolved in 20 ec. of dry ethyl alcohol that had been satu- 
rated with anhydrous ammonia and the solution was allowed to 
stand 16 hours at room temperature in a glass-stoppered flask. 
The ammonia and the alcohol were then distilled off in vacuo. 
The residue was extracted with ether and dried in vacuo over 
phosphorus pentoxide. Yield, 87 per cent. 


Calculated, N 5.31, 8S 6.07: found, N 5.09, S 6.13 
Dicholyleystine—-The clear colorless water solution of the above 


diammonium salt was precipitated with 10 per cent hydrochloric 
acid. The white, powdery precipitate was filtered by suction, 
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washed with water, and dried in vacuo over phosphorus pentoxide. 
The yield was almost quantitative. 


CssHgsOn.N2S:. Calculated, N 2.74, S 6 26; found, N 2.81, S 6.17 


Methyl Ester of Triformylcholylcysterc Acid—-2 gm. of the 
dimethyl ester of di(triformylcholyl)-cystine were pulverized to 
a fine powder and suspended in 50 ec. of water, and the mixture 
was stirred mechanically. 1.290 gm. of bromine were added in 
small portions as rapidly as the color of the bromine disappeared. 
The solution was filtered from a trace of unoxidized ester, ex- 
tracted with ether, and shaken with a slight excess of moist silver 
oxide. The solution was filtered rapidly and the filtrate was 
treated with hydrogen sulfide to remove the excess silver. The 
silver sulfide could not be readily filtered off, as it was present 
in colloidal form. However, by concentrating this colloidal solu- 
tion to dryness in vacuo on a water bath, and by subsequently 
extracting with dry methyl alcohol, a clear solution free from 
silver was obtained. ‘The straw-colored extracts were decolorized 
with carbex E and the aleohol was removed in a vacuum desic- 
eator over sulfuric acid. The colorless product was dried in 
vacuo. Yield, 77 per cent. 


C3;5HyzO.2NS. Calculated, N 2.13, S 4.87; found, N 2.10, S 4.90 


It is not necessary to isolate this compound for the succeeding 
steps inasmuch as the dry methyl alcohol solution can be used 
directly. 

Ammonium 26-Carbamyltaurocholate (8-Carbamyltaurocholate)— 
A solution of 1 gm. of triformylcholylcysteic acid (methyl! ester) 
in 20 ce. of anhydrous methyl alcohol was saturated with dry 
ammonia and was allowed to stand for 16 hours at room tem- 
perature. The alcohol and excess ammonia were removed in 
vacuo. The residue was dissolved in methyl alcohol, decolorized 
by boiling with a little carbex E, filtered, and 3 volumes of dry 
ether were added. The precipitate was filtered off and dried in 
a vacuum desiccator. 


Co7HysOsN38S. Calculated, N 7.30, S 5.55; found, N 7.39, 8 5.52 


This derivative was prepared as a confirmatory compound for 
analysis. 
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Disodium Salt of Cholyleysteic Acid—1.55 gm. of the methyl 
ester of triformylcholyleysteic acid (from 2 gm. of the dimethyl 
ester of di(triformylcholyl)-cystine were dissolved in 10 ce. of dry 
methyl aleohol and a solution of 0.72 gm. of sodium in 10 ce. of 
dry methyl alcohol was added. After standing at room tempera- 
ture for an hour, the finely divided white precipitate was filtered 
off and washed with dry alcohol and ether. It was then dissolved 
in a hot solution of 5 ec. of absolute methyl alcohol and 2 ec. of 
water. 8 cc. of absolute methyl alcohol were added and the solu- 
tion was chilled overnight. The supernatant liquid was decanted 
from the colorless oil which separated. The oil was washed with 
dry alcohol, was covered with dry ether, and was allowed to stand 
6 hours. The solid mass was pulverized, filtered, and dried in 
vacuo. 


CorHyOsNSNay. Calculated, N 2.32, Na 7.6; found, N 2.25, Na 7.3 


The biological studies of these compounds will be reported at a 
later date. 


SUMMARY 


The peptide, dicholyleystine, has been synthesized and its oxi- 
dation to cholyleysteie acid is described. These compounds are 
of interest in view of the suggestion that the conjugation of 
cholic acid with cystine may occur in vivo as a reaction in the 
biological synthesis of taurocholic acid (5, 9). 
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NOTE ON TESTS FOR PURITY OF SOLID SILVER IODATE 
PREPARED FOR CHLORIDE DETERMINATION 


By JULIUS SENDROY, Jr. 


(From the Department of Experimental Medicine, Loyola University School of 
Medicine, and Mercy Hospital, Chicago) 


(Received for publication, December 7, 1938) 


The accuracy of the writer’s chloride method! depends on the 
use of pure silver iodate. The preparation and suggestions for the 
testing of the AgIO; were given in foot-note 2 on p. 338 of the 
original paper; nevertheless, in one of the laboratories in which 
the method has been used it was found that too high results may 
be obtained because of the presence of unnoted traces of KIO; in 
the AgIO;. For this reason it seems desirable to state more fully 
the following points with regard to the preparation and testing of 
the AgIQs3. 

1. When the AgIO; is made by precipitation of AgNO; solution 
with KIO;, the directions given in the original paper should be 
followed precisely. In particular, although an excess of KIO; is 
used, that excess should be only slight; a larger excess than that 
prescribed may make difficult the removal of KIO; from the AgIOs 
by washing. 

2. Before use, every preparation of AgIO;, whether made in the 
laboratory, or purchased commercially, should be tested quantita- 
tively for the presence of KIO3. The test can be made in either 
of two ways. The solubility of the AgIO; in water can be meas- 
ured, or the AgIO; can be used in analyses of standard chloride 
solutions of exactly known Cl content. It is in fact well to use 
both tests when introducing the method. 

Solubility Measurement—This is made by the technique de- 
scribed on p. 368 of the original paper, with the gasometric, titri- 
metric, or colorimetric determination of the IO; in the saturated 


‘Sendroy, J., Jr., J. Biol. Chem., 120, 335, 405, 419 (1937). 
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water. The IO; in the supernatant water should not exceed 0.21 
mu per liter. 

In the gasometric analysis the procedure described on p. 368 is 
to be followed,’ with the additional precaution that, after the solu- 
tion has been extracted for 3 minutes and the p; reading has been 
taken, the completeness of the extraction is checked by again 
lowering the mercury in the chamber to the 50 ce. mark, shaking 
the chamber for 1 minute, and repeating the p, reading. If any 
increase over the first reading is noted, the | minute extraction 
and p,; reading are repeated, until the p; is constant. Because of 
the unusually large volume of solution (10 ec.) in the chamber, and 
the extreme dilution of the iodate solution, the reaction and ex- 
traction are not so quick as under the conditions of the actual 
chloride determinations. If the AgIQO; is pure, the IO; in solution 
will give a p; — po difference of about 54 mm. at 0.5 cc. volume 
(the po reading being that of the blank analysis in which water 
replaces the supernatant solution). The results are calculated 
according to Equation 4 (p. 362), with the F (= f/3) factor taken 
from Table III (p. 357). 

In the titration (p. 368), if 3 cc. of supernatant solution are 
titrated, approximately 3 cc. of 0.0012 N thiosulfate solution should 
be required, according to Equation 3 (p. 411). Thus, 


3 X 0.0012 X 1 x 1000 


6x1xX3 


IO; per liter = 


For the slight amounts of iodate measured, the titration will 
usually be found more convenient and reliable than the gasometric 
measurement. The colorimetric measurement (p. 422 and Table 
I, p. 424) is also convenient. 


2 If a5cc. stop-cock pipette is lacking, a5 ec. bulb pipette may be used. 
The hydrazine is first admitted into the chamber, which is then sealed with 
mercury. The cup is then washed with water several times. After all 
excess mercury and water have been removed, the sample is admitted into 
the cup, and simultaneously into the chamber. Traces of sample adhering 
to the wall of the cup are then diluted with water up to the 2 cc. mark on 
the cup. These additional 2 cc. are admitted into the chamber, which is 
again sealed, and evacuated’as usual. The blank analysis with water 
must be carried out with the same type of pipette and technique used for 
the iodate analysis. 
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Analysis of Standard Chloride Solution— This is carried out as 
described on pp. 346 and 370 of the original paper. The simplest 
procedure is to analyze a known 100 mm chloride solution diluted 
20 times with 0.085 m H;PQO,. For the gasometric analysis, 1 ce. 
samples of supernatant are used, and readings are made at the 0.5 
ec. volume. Results are calculated according to Equation 5 
(p. 363). For the titrimetric analysis, 3 ec. samples of super- 
natant are used, and titrated with 0.03 N NasS.O;. Results are 
calculated according to Equation 4 (p. 414). 

3. An additionaleprecaution may be worth noting in connection 
with the use of a cotton plug (p. 342) for filtering the sample into a 
pipette. If the plug is inserted too tightly, and too much suction 
is exerted, the air content of 2 ec. of pipetted solution may be 
diminished enough to lower by as much as 2 mm. the pressure of 
the extracted gas when the pressure is measured at 2 cc. volume. 
In analysis of a 1:10 serum filtrate this maximal error would de- 
crease the gasometrically determined serum Cl by 0.7 mm per 
) liter. This error, which, of course, does not occur in the titration 

or colorimetric measurement, would ordinarily not be important, 
, but it is easily avoided. 
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THE METABOLISM OF N-METHYLATED AMINO ACIDS 


I. THE AVAILABILITY OF a-N-MONOMETHYLLYSINE AND 
a-N-DIMETHYLLYSINE FOR GROWTH * 


By WILLIAM G. GORDON 
(From the Department of Chemistry, Stanford University, California) 


(Received for publication, November 21, 1938) 


In 1935 Gordon and Jackson observed that young rats can 
metabolize N-monomethyltryptophane in place of tryptophane 
for purposes of growth. Of possible mechanisms for conversion 
of the N-methyl! derivative to the amino acid the most likely was 
postulated to be a demethylamination with the production of 
indolelactic acid or indolepyruvic acid, substances which are 
known to be capable ot replacing tryptophane for the promotion 
of growth. ‘The suggestion was made at the same time that other 
N-methylamino acids might be utilized in metabolism in place of 
the corresponding natural unsubstituted acids. 

Subsequently, growth studies by Fishman and White (1936) 
proved that amino-N-monomethylhistidine can function as a 
substitute for histidine and similar experiments by Patterson, 
Dyer, and du Vigneaud (1936) demonstrated that the N-mono- 
methyl derivatives of homocystine and methionine are able to 
support the growth of rats maintained on a cystine-methionine- 
deficient diet. In these studies too, the most plausible mechanism 
for the conversion of the methyl derivatives to their respective 
amino acids was considered to be an intermediary demethylamina- 
tion to the corresponding a-ketonie acids. 

Ixperiments with a number of N-monomethylated amino acids 
both in model systems and with amino acid deaminase also have in- 
dicated that these compounds are oxidized with the production 


* Aided by a grant from the Stanford University School of Medicine 
Research Fund. A preliminary report of this work was presented before 
the meeting of the American Society of Biological Chemists at Memphis, 
April, 1937. 
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of methylamine and the corresponding a-ketonic acids (Krebs, 
1936). 

In view of these findings it was thought of interest to investigate 
the availability of a-N-monomethyllysine to the animal organism 
as a substitute for lysine. It will be recalled that McGinty, Lewis, 
and Marvel (1924-25) observed that the rat cannot utilize a-hy- 
droxy-e-aminocaproic acid in place of lysine for purposes of 
growth. The corresponding a-ketonic acid has not been syn- 
thesized. 

The study of the behavior of a-N-dimethyllysine as a substitute 
for lysine was undertaken, since experiments 7n vitro have shown 
that at least 1 free hydrogen atom must be attached to the amino 
nitrogen atom of amino acids if the process of oxidative deamina- 
tion is to occur (Krebs, 1936). There have been but few in vivo 
investigations concerning the metabolism of N-dimethylamino 
acids. The data obtained by Friedmann in 1908 led him to the 
conclusion that N-dimethylamino acids could be catabolized as 
well as N-monomethylamino acids. However, as Knoop and 
Oesterlin (1927) have pointed out, the criterion for catabolism in 
Friedmann’s experiments was a comparison of urinary carbon to 
nitrogen ratios and for this reason the validity of his conclusion is 
subject to serious doubt. Knoop and Oesterlin, on the basis of 
the results of their own studies with N-dimethylphenylalanine, 
were of the opinion that N-dimethylamino acids could not be 
metabolized by the animal organism. 

‘The present experiments with a-N-dimethyllysine were ex- 
pected to provide additional information regarding the behavior 
of N-dimethylamino acids in metabolism. 


EXPERIMENTAL 
Preparation of Methyllysines 


a-N-M onomethyllysine—e-Benzoylaminocaproic acid was_ bro- 
minated in the @ position according to the procedure of Eck and 
Marvel (1934). The a-bromo acid was then converted to a-N- 
monomethyllysine by a combination of the methods of Enger and 
Steib (1930) and Abderhalden and Schweitzer (1930-31). The 
desired compound was isolated in the form of its crystalline mono- 
hydrochloride. 


} 

i 


W. G. Gordon 489 


Analysis— 
C7Hi70O,N2Cl. Calculated. C 42.72, H 8.72, N 14.25, Cl 18.03 


a-N-Dimethyllysine—This compound is not described in the 
literature but it was synthesized readily by a method quite similar 
to that employed for the preparation of the monomethyllysine. 
20 gm. of a-bromo-e-benzoylaminocaproic acid were dissolved in 
90 cc. of 33 per cent aqueous dimethylamine. The solution was 
allowed to stand at room temperature for a period of 6 weeks, 
although a much shorter reaction time undoubtedly would have 
sufficed. A small insoluble residue was removed by filtration and 
the liquid was then concentrated in vacuo to a thick syrup. At- 
tempts to crystallize the product, e-benzoyl-a-N-dimethyllysine, 
from a number of solvents were unsuccessful. Accordingly, 200 
ec. of water and 200 gm. of anhydrous barium hydroxide were 
added to the syrup and the mixture was boiled under a reflux con- 
denser for 18 hours. In this way any free dimethylamine remain- 
ing in the syrup was driven off, the dimethylammonium bromide 
produced in the reaction was decomposed, and the benzoyldi- 
methyllysine was hydrolyzed to yield the desired product and ben- 
zoic acid. ‘The mixture was diluted with water and excess sulfuric 
acid was added in the usual manner to remove barium. Silver 
oxide served to precipitate bromides; the excess silver was then 
precipitated in the form of silver sulfide. Benzoic acid wag re- 
moved from the solution by filtration and ether extraction. The 
excess sulfuric acid was finally precipitated by exact neutralization 
with barium hydroxide. 

Following the removal of dimethylamine, benzoic acid, and 
inorganic ions as outlined above, the solution of dimethyllysine 
was concentrated in vacuo to a syrup which again resisted all 
attempts at crystallization. ‘The syrup was therefore neutralized 
to litmus with dilute hydrochlor#® acid and the solution was 
evaporated in vacuo once more. ‘The neutralized syrup was dis- 
solved in 100 ce. of warm 95 per cent ethyl alcohol, the solution 
was chilled, and anhydrous ether was added very slowly until no 
further precipitate formed. The dimethyllysine monohydrochlo- 
ride, at first somewhat gummy, crystallized completely when it 
was allowed to remain in the refrigerator overnight. The erystal- 
line solid was filtered off and dried in the air. The dried material 
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weighed 11 gm. but was manifestly impure. It was recrystallized 
from 110 ec. of hot 86 per cent ethyl alcohol and yielded a first 
erop of colorless prisms which weighed 7.4 gm. and melted at 
136° ;} a second crop, which weighed 3.0 gm., melted at 130°. The 
product, when dried at 106° to constant weight, lost 7.7 per cent 
of its original weight, indicating the presence of 1 molecule of 
water of crystallization. Therefore, following a second recrystal- 
lization from 86 per cent ethyl aleohol, the compound was dried 
at 106°. The anhydrous purified monohydrochloride sintered 
at 220° and decomposed at 232-233°. The yield was 9 gm. (76 
per cent of the theoretical amount based on the bromo acid), 
This material was analytically pure dimethyllysine monohydro- 
chloride. 


Analysis 
C3H;9OQ.N2Cl. Caleulated. C 45.58, H 9.09, N 13.30, Cl 16.83 


Physiological Tests 


The methyllysine hydrochlorides were assayed in the usual way 
for their growth-promoting ability as substitutes for lysine. 
Young albino rats, weighing approximately 60 gm. each, were 
used as experimental animals. ‘Two series of experiments were 
carried out. In Series I the rats were fed a lysine-deficient diet 
which consisted of gliadin 15, corn-starch 38, sucrose 15, salt mix- 
ture (Osborne and Mendel, 1919) 4, ground agar 2, and lard 26 
per cent. Each animal received daily 100 mg. of cod liver oil and 
1 tablet? (100 mg.) of yeast vitamin concentrate (Harris) apart 
from the remainder of the diet. The animals were maintained on 
this basal ration for a period of at least 4 weeks. Next, the deriva- 
tives to be studied were incorporated in the deficient diet in 
amounts equivalent, on the basis of molecular weights, to 1 gm. 
of dl-lysine per 100 gm. of the basal food. The compounds were 
fed for a period of at least 3 weeks. At the end of this time, since 
the rats did not show positive growth responses, the deficient diet 
was restored for a period of 2 weeks, and finally dl-lysine itself 
(in the form of the dihydrochloride) was incorporated in the basal 


1 All melting points are corrected. 
2 Each tablet contained 15 Sherman units of vitamin B,; and 4 Sherman 
units of vitamin Bo, vitamin-free starch being used as excipient. 
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ration to demonstrate that the animals possessed the expected 
capacity for growth. All diets were fed ad libitum and individual 


food consumption data were recorded. Each compound was 


tested with three animals and the results were entirely uniform. 

In the experiments of Series II several changes were made in 
the above procedure because of the fact that the animals did not 
grow very welleven during the period when lysine was included 
in the diet. In the first place, the percentage of gliadin in the 
deficient ration was raised to 30, the corn-starch being reduced 
accordingly to 23 per cent (cf. Melnick and Cowgill (1937)). 
Secondly, the vitamin B complex supplement was administered 
in a different form: 100 mg. of ryzamin-B’ and 100 mg. of liver 
extract powder (Lilly) dissolved in 2 ce. of water and fed daily 
to each animal. Finally, since the amino acid supplements were 
being fed in the forms of their hydrochlorides, it was thought de- 
sirable to neutralize the excess acid; therefore, when the deficient 
diet was supplemented by monomethyllysine or by lysine, the 
theoretical quantity of sodium bicarbonate required for neutraliza- 
tion of the hydrochtorie acid was included in the supplement. 
Otherwise the studies in Series II were conducted in exactly the 
same way as were those in Series I. 

Much better growth responses were obtained by means of the 
modified procedure. However, the experiments in Series II served 
solely to confirm and strengthen the results of the experiments in 
Series I. Since the results of the tests with monomethyllysine 
in both series were similar, the growth responses being negligible 
in all experiments, the dimethyllysine was not assayed in Series IT. 


DISCUSSION 


The results of the physiological tests are summarized in Table I. 
In Series I Rats 30 and 45 were negative controls (given the basal 
deficient diet); Rats 31 and 41 were positive controls (given the 
basal diet + lysine). The monomethyllysine was tested in Rats 
33, 40, and 43. During the period of feeding with this compound 
little or no change in growth rate was observed. The dimethyl- 
lysine was administered to Rats 32, 42, and 44. Again, no posi- 
tive growth response was apparent. It will be noticed that the 


* This preparation was generously supplied by the Burroughs Wellcome 
and Company Experimental Research Laboratories. 
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experimental animals, during the period of feeding with lysine, 
grew at a rate of approximately 0.5 gm. per day and that the posi- 
tive control animals grew at a similar rate. Although the differ- 
ences in growth rates were not as great as they might have been, 
it is felt that the results are significant and that they indicate that 
neither of the methyllysines is available to the rat for purposes of 
growth. ‘This conclusion is supported by the data from Series II. 
Control Rats 46 and 48, maintained on the modified basal diet 
which contained twice as much gliadin as the original basal diet, 
grew slowly at a rate of approximately 0.35 gm. per day. Experi- 
mental Rats 47 and 51 grew somewhat more rapidly on the basal 
ration but, upon incorporation of monomethyllysine in the food, 
the growth rate was lowered rather than raised; during the final 
period of lysine feeding these rats grew quite rapidly. 

The failure of a-N-monomethyllysine to promote growth is 
perhaps surprising in view of the utilization of other N-mono- 
methylated amino acids. It is possible, of course, that mono- 
methyllysine cannot be demethylaminated by the rat and that it 
therefore cannot function as a precursor of lysine. Although 
there is little 7m vivo evidence favoring this hypothesis, the tn vitro 
experiments of Keilin and Hartree (1936) afford it some support. 
These investigators, while showing that methylamine is liberated 
from N-monomethylalanine by the action of amino acid deaminase, 
also demonstrated that N-monomethyltyrosine is not attacked by 
the enzyme. It would be interesting to study the behavior of 
monomethyllysine in this reaction; perhaps, like monomethyl- 
tyrosine, monomethyllysine is not attacked. 

If we assume, on the other hand, that demethylamination of 
the monomethyllysine does occur in the usual manner, the corre- 
sponding a-hydroxy or a-ketonic acid would be produced. It has 
already been established that a-hydroxy-e-aminocaproie acid can- 
not replace lysine in metabolism. In this respect then, there is a 
striking similarity in the behavior of a-N-monomethyllysine and 
a-hydroxy-e-aminocaproic acid. The failure of animals to utilize 
either of these substances may well be attributed to a failure in the 
production of the corresponding a-ketonic acid or to a loss of the 
keto acid by some side reaction after it is formed. In this connec- 
tion Jackson and Block (1937-38), referring to the results of the 
present investigation, comment as follows: “Neither the dl- 
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hydroxy nor the dl-N-methyl derivative nor the unnatural form 
of the amino acid is available in place of lysine for growth. This 
may not mean the failure or absence of three entirely separate 
physiological mechanisms. On the other hand, it is conceivable 
that these three substances related to natural lysine are converted 
to the corresponding a-keto acid, but that the latter, susceptible 
to side reaction, is diverted from the more usual amination 
process.” 

Obviously these experiments throw no light on the general 
problem of the metabolism of N-dimethylamino acids. Since 
a-N-monomethyllysine apparently cannot replace lysine in 
metabolism, there is little reason to expect anything other than a 
negative result with the dimethyl compound. It will be interest- 
ing to study other N-dimethylamino acids in a similar manner. 


SUMMARY 


A synthesis of a-dimethyllysine monohydrochloride has been 
described. 

Neither a-N-monomethyllysine nor a-N-dimethyllysine is capa- 
ble of stimulating growth in rats subsisting on a diet deficient 
in lysine. 
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The rapid advances in the study of the physiological réle of 
thiamine (vitamin B,;) make its direct quantitative estimation 
highly desirable. Few chemical tests have been proposed which 
offer the prospect of application to solutions or concentrates for 
this purpose. 

Jendrassik (1) while working in our laboratory tried to find a 
specific chemical reagent which would produce a qualitative color 
reaction with the antineuritic vitamin. He found that solutions 
containing this vitamin invariably reduced ferric ferricyanide to 
form blue-colored solutions, which he assumed owed their color 
to the presence of Prussian blue (ferric ferrocyanide). Levine 
(2) made a critical study of Jendrassik’s reaction and found that 
this test was given by ortho- and polyphenols. Nevertheless the 
use of ferricyanide may have suggested a line of thought to Barger 
(3), who oxidized the vitamin with alkaline ferricyanide to form a 
pale yellow-blue fluorescent compound now known as thiochrome. 
The thiochrome test has been made the basis of a method for the 
quantitative estimation of thiamine by Jansen (4), who used the 
fluorometer apparatus of Cohen (5) for measuring the fluorescence 
of the thiocrome after it had been extracted with isobutyl al- 
cohol. Certain substances interfere with this reaction, since com- 
plete recovery of thiamine added to urine cannot be obtained. 


* Presented by Harry J. Prebluda to the Board of University Studies of 
the Johns Hopkins University in partial fulfilment of the requirements 
for the degree of Doctor of Philosophy in Biochemistry. 
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The method also involves the use of special apparatus and the 
results obtained vary as much as 20 per cent from those obtained 
by the bradycardia method of Birch and Harris (6). 

Spruyt (7) proposed the use of phosphotungstic acid to pre- 
cipitate thiamine from extracts of foodstuffs and estimated the 
centrifuged precipitate by means of hematocrit tubes. Rosen- 
thaler (8) reported the use of Reinecke’s salt as well as potassium 
tetranitritodiamino cobaltate for precipitating the vitamin. 
However, these tests are not specific. Naiman (9) reported the 
use of a solution of bismuth iodide in potassium iodide as a sensi- 
tive reagent for the thiazoles. He suggested the possibility of 
using this reagent as the basis of a gravimetric determination of 
thiamine. No specificity was claimed and it is well known that 
the solution reported is classed with the alkaloidal reagents. 

A Pauly (10) color reaction for thiamine was first reported by 
Jansen and Donath (11) who emploved diazotized sulfanilic acid 
as the reagent. Kinnersley and Peters (12) claimed that their 
yeast fractions did not fractionate with biological activity when 
they used the Koessler and Hanke modification of this reaction 
(13). Guha and Drummond (14) also reported that active anti- 
neuritic fractions obtained from yeast gave feeble Pauly reactions. 
Odake (15) claimed that his vitamin B, crystals gave a slow, pink 
diazo reaction. Nevertheless, Tschesche (16) and also van Veen 
(17) were unable to find any activity of their crystalline thiamine 
preparations when treated with diazotized sulfanilic acid. Van 
Veen was of the opinion that a reaction should take place and he 
was at a loss to explain the inactivity of his preparations with the 
reagents. 

Kinnersley and Peters (18) were of the opinion that fine shades 
of alkalinity influenced the coupling of the vitamin. When the 
Koessler and Hanke modification of this reaction was used, a yel- 
low coloration was obtained, whereas solutions more strongly al- 
kaline resulted in pink colors which faded gradually and were 
always tinged with vellow. Although the formaldehyde modifica- 
tion of Kinnersley and Peters (18) increased the stability of the 
pink colors obtained with thiamine, the test was unsatisfactory 
for colorimetric work because of the vellow tinge which persisted. 
Even though Kinnersley and Peters were not successful in placing 
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the reaction on a colorimetric basis, their formaldehyde-azo test 
was a definite advancement toward developing a colorimetric test 
for thiamine, which minimized the coupling of histamine type com- 
pounds with diazotized sulfanilic acid. 

Deviatmin (19) modified the Kinnersley-Peters test by heating 
the reagent with the vitamin test solution before comparing with 
standards. This modification may prove to be of doubtful value, 
since diazotized sulfamilic acid decomposes upon heating. 

Since Ehrlich (20) found diazotized sulfanilic acid useful as a 
reagent, many workers have sought to use this compound for 
coupling with substances of biochemical interest. It was sur- 
mised that the investigation of other derivatives of aniline or the 
naphthvlamines might afford a reagent of greater specificity for 
thiamine than diazotized sulfanilic acid. A diazotized amine 
which would react with the vitamin to form a colored water-insol- 
uble compound would afford the possibility of separating this en- 
titv from extraneous material, and so provide a better basis for a 
chemical estimation. <A reagent which would not react with other 
biologically important compounds but only with thiamine to pro- 
duce a highly colored precipitate would be ideal. Our search for 
such a reagent has, we believe, been successful. 


EXPERIMENTAL 


A great many amines were diazotized according to the method 
of Kinnersley and Peters (18), which involved the use of sodium 
nitrite and a solution of sulfanilic acid in hydrochloric acid. We 
employed one molecular equivalent of the amine tested in place 
of sulfanilie acid. 

The attempts to couple thiamine with diazotized amines in an 
acid solution to produce colorations or colored precipitates were 
unsuccessful. This confirmed the experience of Kinnersley and 
Peters (18). When solutions of the diazotized amines were made 
alkaline and added to aqueous test solutions of thiamine, coupling 
took place, as evidenced by a series of color changes. Similar 
experiments were carried out simultaneously with test solutions 
of histidine, since it was most desirable to find a diazotized amine 
which would differentiate between this compound and the vitamin. 
The diazotized naphthylamines and the diazotized derivatives of 
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aniline coupled in an alkaline solution with thiamine to produce a 
variety of red colors, whereas histidine coupled under similar con- 
ditions to produce yellow- and orange-colored solutions. 

Of the amines investigated the alkaline diazotates of p-amino- 
acetanilide and p-aminoacetophenone produced purple-red-colored 
precipitates with solutions containing thiamine. 


NH, NH, 
| 
N H 
C=0 CH, 
on, 
p-Aminoacetanilide p-Aminoacetophenone 


A brief preliminary report of these reagents has been made (21). 

To bring about a diazotization reaction with p-aminoacetanilide, 
it was first necessary to dissolve this compound in hydrochloric 
acid as a preliminary step. Upon standing, acid solutions or 
dilute aqueous solutions of this amine decompose and assume a 
deep red color. The decomposition takes place in the dark as 
well as in the light. Evidently a hydrolysis takes place slowly 
at the point where the acetyl radical is attached to the secondary 
amino group in the molecule. 

Since p-aminoacetophenone is fairly stable in aqueous solutions, 
our subsequent work was confined to this amine which proved to 
satisfy the requirements for its use as a reagent for thiamine. In 
our hands this reagent is best prepared from the following three 
solutions, freshly mixed before using. 

Solution A—3.18 gm. of p-aminoacetophenone (Eastman Kodak 
Company, No. 631) are dissolved in 45 ec. of concentrated hydro- 
chloric acid (37 per cent) and made up to a final volume of 500 ce. 
in a volumetric flask with distilled water. Precautions are taken 
to keep the solution in a glass-stoppered flask and to avoid the 
presence of strong light when notin use. The activity of this solu- 
tion is unaltered after standing for 6 months. 

Solution B—22.5 gm. of c. p. sodium nitrite are dissolved in dis- 
tilled water and made up to a final volume of 500 cc. in a glass- 
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stoppered volumetric flask. This reagent begins to deteriorate 
after standing for a month. It is best preserved at refrigeration 
temperatures. 

Solution C—20 gm. of c. p. sodium hydroxide are dissolved in 
600 ce. of distilled water; 28.8 gm. of c. Pp. sodium bicarbonate are 
then added and the solution made up to a final volume of 1 liter 
with distilled water. 

Directions for Dhiazotization—TVhe diazotization reaction is 
carried out in an ice bath with use of 1 part by volume each of 
Solution A and of Solution B. This reaction requires a period of 
about 10 minutes. The mixture is agitated by means of an elec- 
tric stirrer. At the end of this period 4 parts of Solution B are 
added to the resultant mixture. The solution is stirred and 
maintained at a temperature of O-5° for at least 20 minutes. 
When the reaction is completed, the diazotized solution remains 
satisfactory for use at least 12 hours at refrigeration temperatures. 
It is advisable to prepare fresh solutions daily.’ 

Directions for Making Final Reagent—In making the final 
reagent for reaction with the vitamin, add 20 ec. of freshly diazo- 
tized p-aminoacetophenone to a flask containing 275 ec. of Solu- 
tion ©. When these reagents are mixed, a purple coloration 
appears. ‘This color disappears on stirring with an electric stirrer 
fora period of 5to lO minutes. The test solution must be adjusted 
to pH 5.0 to 6.0 immediately before it is allowed to react with the 
final reagent. 

For a simple qualitative test on a solution containing thiamine, 
small Wassermann tubes are well suited for carrying out the reac- 
tion. 2 cc. of final reagent were added to 1 ec. of the thiamine test 
solution. ‘The reaction is characterized by the formation of a 
purple-red coloration within 20 minutes and upon standing a pre- 
cipitate of the same color settles out. For solutions containing 
less than 5 micrograms per cc. it is necessary to use larger quan- 
tities of the test solution. With smaller quantities of the 
vitamin, a small hand-glass may be necessary for observing the 
colored precipitate which settles out within 20 to 24 hours. By 
using the hanging drop technique, as little as 0.1 microgram of 
synthetic thiamine may be detected under the microscope. 

The purple-red precipitate is flocculent and exhibits the follow- 


‘It has been found that this reagent retains its activity for a week. 
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ing properties: it is insoluble in water, concentrated alkali, dilute 
acids, and petroleum ether; is soluble in 95 per cent ethyl alcohol, 
propyl, butyl, and isobutyl alcohol, acetone, dioxane, glacial acetie 
acid, ethyl ether, carbon tetrachloride, chloroform, benzene, 
toluene, and xylene. 

Of the solvents mentioned, isobutyl alcohol, toluene, and xylene 
were found best for extracting the colored suspension to form a 
colored non-aqueous liquid phase. Of these latter solvents, the 
aromatic compounds seemed to possess the best working proper- 
ties for quantitative work, since they are least soluble in water. 

The reagent has been tried successfully with the formation of 
the characteristic purple-red precipitate on samples of defatted 
wheat germ, defatted rice polishings, Seidell’s international ad- 
sorbate, Anheuser-Busch yeast concentrate No. 2, Anheuser-Busch 
yeast adsorbate, Eh Lilly rice polishings adsorbate No. 928,389, 
erystalline thiamine (Merck), both natural and synthetic, as well 
as synthetic thiamine crystals supplied by the Winthrop Chemical 
Company. It was found that the colored precipitate could be 
removed from extraneous material and recovered by extraction 
with acetone and evaporation of this solvent with the subsequent 
addition of water. 

In order to ascertain whether or not the new reagent reacted 
with other biologically important compounds, it was tested with 
the following substances: acetic acid, acetone, adrenalin, adenine, 
albumin, ascorbic acid, betaine, caffeine, cytosine, casein hydroly- 
sate, creatine, creatinine, dextrose, ethyl alcohol, fructose, galac- 
tose, gelatin hydrolysate, glutathione, guanidine, guanine, hydro- 
quinone, inositol, insulin, lactose, methyl alcohol, nicotinic acid, 
nicotinic acid amide, nucleic acid, oxalic acid, phenol, phloroglu- 
cinol, quinine, resorcinol, riboflavin, saccharin, sarcosine, sucrose, 
theelin, thioneine, thiochrome, trimethylamine, thymine, tyra- 
mine, uracil, urea, uric acid. 

Each of the twenty-two amino acids was also tested. Of all the 
substances tested, inositol (ash-free, Eastman, No. 1252) was the 
only compound which produced a colored precipitate with the 
reagent. The precipitate obtained with this compound was floc- 
culent and greenish blue in color. When this precipitate was 
collected on filter paper and washed with distilled water, it changed 
to a yellow color. It was soluble in dilute acids and slightly in 
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distilled water. ‘The inositol precipitate is insoluble in dilute 
alkali. In aliphatic solvents it imparted a slight yellow coloration ; 
in aromatic solvents it is insoluble. Inositol did not interfere 
with the reaction when thiamine was allowed to react with the 
reagent, since its reaction product could be removed following 
filtration by washing with dilute acid. 

In an attempt to elucidate the mechanism of the reaction in- 
volved in the formation of the purple-red precipitate obtained by — 
allowing thiamine to react with the reagent, some of the following 
intermediate compounds used in the synthesis of thiamine were 
studied: Merck, 37-AR-84(2), 2-methyl-5-bromomethyl-6-amino- 
pyrimidine hydrobromide; Merck, 37-AR-85(3), 4-methyl-5-8-hy- 
droxyethylthiazole; Merck, 37-AR-86(1), 5-ethoxymethyl-6-amino- 
pyrimidine; Merck, 37-AR-105, 4-methyl-5-6-hydroxyethylthiazole 
methiodide. 

Both pyrimidine derivatives produced a yellow coloration when 
permitted to react with the final reagent, whereas the thiazoles 
produced purple-red precipitates whose properties were similar to 
the colored precipitate obtained with vitamin solutions. It is 
of interest to note that the free thiazole portion of the molecule 
reacted much more slowly and produced a smaller amount of 
precipitate than an equivalent quantity of the quaternary form, 
which reacted almost instantaneously. 

The following synthetic compounds were obtained from Dr. A. 
R. Todd of the Lister Institute, London, and were tested with 
the reagents: 4-methylthiazole, 3-(6’-amino-4’-ethylpyrimidyl- 
hydrochloride, 3-(6’- 
amino-4’-methylpyrimidyl-5’)-4-methylthiazolium chloride hydro- 
chloride, 4-amino-5-aminoethyl-2-methylpyrimidine hydro- 
chloride, 
thiazolium chloride hydrochloride, 3-(6’-hydroxy-2’-methylpyri- 
midyl-5’)-methyl-4-methylthiazolium chloride hydrochloride. 

The only compound in this group which reacted with the re- 
agent to produce a purple-red precipitate was the inactive isomer 
of thiamine, 
droxyethylthiazolium chloride hydrochloride. It is of interest to 
note that this compound was similar in its reactivity to the free 
thiazole portion of the vitamin which reacted much more slowly 
with the reagent than the vitamin itself, which contains a methyl- 
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ene bridge between the thiazole and pyrimidine portions of the 
molecule. 

It was also found that under controlled conditions the colored 
precipitate, obtained by allowing the reagent to react with thi- 
amine, obeyed Beer’s law in aliphatic as well as aromatic solvents. 

The absorption spectra’ of purified samples of colored precip- 
itates prepared with the reagent from Eli Lilly adsorbate (rice 
polishings), as well as Merck and Winthrop synthetic thiamine, 
indicated a maximum absorption of 325 mu for all samples; in the 
visible region the Winthrop and Merck products exhibited iden- 
tical maxima at 516 mu, whereas the precipitate obtained from the 
Eli Lilly adsorbate exhibited the same type of absorption but with 
a maximum at 520 mu. This may have been due to small quan- 
tities of impurities present in the product obtained from the ad- 
sorbate; nevertheless the results check within the limits of photo- 
graphic technique and indicate that the reaction products obtained 
from natural sources are similar to those obtained by reaction of 
the reagent with the synthetic vitamin. 

DISCUSSION 

The reagent described herein seems to be specific for the 4- 
methvl-5-8-hydroxythiazole portion of the thiamine molecule. 
In applying this reagent for quantitative work, we have had con- 
siderable difficulty in obtaining approximately quantitative ex- 
traction of the vitamin from such biological materials as yeast, 
wheat germ, etc. After extraction, the problem of concentrating 
the vitamin without destruction presented itself. Adsorbates 
seem best suited for this purpose, since they also allow the removal 
of extraneous material without destruction of the vitamin. It 
should be mentioned that adsorbates had to be specially treated 
so that eluates made therefrom did not carry along inorganic sub- 
_stances which interfered with the activity of the reagent. High 
salt concentrations and metallic ions were found to influence the 
effectiveness of the reagent. In working with adsorbates from 
extracts of natural products it is difficult to obtain 100 per cent 
elution of the vitamin. 

These obstacles must be overcome before a method generally 
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applicable can be worked out for using the new reagent as part of a 

quantitative chemical procedure for the assay of foodstuffs and 

biological materials. Further work along these lines is in progress 
in this and other laboratories. 


SUMMARY 

Two reagents have been described which react with the thiazole 
portion of thiamine to form purple-red compounds which are highly 
insoluble in water but soluble in selective organic solvents. Alka- 
line diazotized p-aminoacetophenone was found to be the better 
of the two reagents reported. Many obstacles, such as complete 
quantitative extraction and concentration of thiamine from bio- 
logical materials, must be overcome before the reagent is appli- 
cable in quantitative work, 
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In the recent literature several chemical methods for the deter- 
mination of thiamine are described. Some of these admittedly 
lack specificity (1-3). The determination of the blue fluorescence 
in ultraviolet light of thiochrome, one of the oxidation products of 
thiamine, has been most widely investigated (4-12). Its appli- 
cation to the quantitative determination of thiamine is compli- 
cated by similar blue fluorescence given by other substances (4-7, 
9), the difficulty in correcting for such non-specific fluorescence 
(6, 13), the presence in biological materials of substances which 
may combine with thiochrome to form non-fluorescent com- 
pounds (7) or which may affect the intensity of the fluorescence 
(14, 15), the instability of the fluorescence during measurement 
(16), and the fact that thiochrome is an intermediate in the oxi- 
dation of thiamine (4-8), the yield of which must be influenced 
by other oxidizing and reducing substances (4, 6-8) as well as 
the amount of thiamine and reagent present (4-7). 

In 1934, Kinnersley and Peters (17) reported that the reaction 
hetween thiamine and diazotized sulfanilic acid in alkaline solu- 
tion was made more sensitive by the presence of formaldehyde. 
This reaction has been repeatedly eriticized because of lack of 
specificity. Their procedures were subsequently improved (18) 
so that semiquantitative data were obtained when the reaction 
was applied to the determination of thiamine in biological ma- 
terials. Prebluda and McCollum (19) modified the reagent using 
diazotized p-aminoacetophenone; the formaldehyde addition was 


* Upjohn Fellow in Clinical Research, 1937-39. 
505 


| 
| 
x 
t 
i 
t 


506 Vitamin B,. I 


not included in the test. The diazonium salt of 2,4-dichloro- 
aniline has also been reported (20) as a reagent for the chemical] 
determination of thiamine in biological materials. The specificity 
of this reagent for the vitamin and the adequacy of the procedures 
used in its application require confirmation. 

In the present studies we have investigated the use of diazotized 
p-aminoacetophenone as a reagent for the chemical determina- 
tion of thiamine. The method has been found specific for the 
vitamin, made quantitative, more sensitive, and successfully 
applied to analyses of a number of natural sources of thiamine, 
including yeast, rice polish, wheat germ, and liver. 


EXPERIMENTAL 


Thiamine reacts with diazotized p-aminoacetophenone in alka- 
line solution to produce an insoluble red pigment. In our inves- 
tigations we have used this reagent exactly as described by 
Prebluda and McCollum! (19). For the estimation of small 
amounts of the vitamin, a solvent was sought which would ex- 
tract quantitatively the thiamine derivative to yield a solution 
suitable for colorimetric evaluation. The solvent should not 
only extract quantitatively the pigment from the aqueous phase, 
but should also be completely immiscible with water, differ ap- 
preciably in specific gravity so that the separation into the two 
phases may take place with satisfactory rapidity, possess a low 
vapor pressure in order that no change in volume of the solution 
may occur during the colorimetric evaluation, and finally be a 
stable, non-reactive compound so that the character of the reaec- 
tion product may not be altered by its use. Nylene possesses all 
of these qualifications and has been used throughout for this 
purpose. 

Specrficuy of Method for Detecting Thiamine —Inasmuch as we 
always use the technique of adsorption on synthetic zeolite (per- 
mutit) and elution in preparing concentrates for testing, only 
those compounds similarly adsorbed were studied. A series of 
tests was conducted with 5 mg. quantities of a number of such 


1 We are very much indebted to Dr. E. V. McCollum for supplying us 
with detailed directions for the preparation of the reagent, prior to publica- 
tion of the complete report. 
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eompounds? (21). The compounds investigated were ammonium 
nitrate, hydroxylamine, hydrazine, ethylamine, trimethylamine, 
benzylamine, choline, guanidine, atropine, pilocarpine, nicotine, 
quinine, histamine, adrenalin, tyrosine, histidine, arginine, and 
lysine. Of these compounds some did react with the reagent to 
yield colored derivatives. Histamine and histidine both gave 
orange colors; tyrosine, pink; and adrenalin, red, which changed 
to violet and finally faded to yellow. However, none of these 
colored derivatives was extracted by the xylene but all remained 
in the aqueous phase. 

Degradation products of thiamine which are not biologically 
active were found to produce no color with the diazonium salt. 
This was true aiter sulfite cleavage which yields intact pyrimidine 
and thiazole derivatives (22), after the action of alkali and heat 
which results in the opening of the thiazole ring (23), after simple 
deamination, and after oxidation to the thiochrome stage (13). 
Because in both of these last two reactions the free amino group 
on the pyrimidine ring no longer exists, Barger and associates - 
(13) believe that it is this group which couples with diazonium 
salts to yield colored derivatives. 

Probably the best proof of specificity of the method is derived 
from tests conducted on a number of biological materials (24). 
In ail cases the substance responsible for the red color in the 
xylene layer was found to be as completely adsorbed and eluted 
as thiamine and also as unstable to alkali and heat. 

Time Requircd for Completion of Reaction -100 micrograms of 
thiamine chloride in 10 ce. of water at pH 7 were allowed to react 
at room temperature with 20 ec. of the Prebluda-MecCollum 
reagent for variable periods of time. The reaction product was 
then extracted’ in each case with 2 ce. of xylene and the color 
evaluated in a microcolorimeter with the 24 hour sample as the 
standard for comparison. The results of this study are presented 
in Fig. 1. The reaction was observed to have gone 75 per cent 
to completion within 5 to 30 minutes and by the 13th hour maxi- 
mal and constant values were obtained. In all our subsequent 


? Dr. Howard B. Lewis of the Department of Biological Chemistry, 
University of Michigan, kindly supplied us with many of these compounds. 
stoppers are used. 
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tests the xylene extraction Was carried out after the reaction had 
been allowed to proceed jor at least 15 hours (overnight). 

Influence of Variations in Volume of Thiamine Solutions upon 
Reaction-—-A series of tests was performed in which 20 ec. of the 
reagent were added to vitamin solutions containing in all cases 
100 micrograms of thiamine chloride but varying in volume from 
1 to 20 ce. The results of these tests are given in Fig. 2. When 
comparison is made with the standard vitamin solution, 10 ce. 
in volume, an increase in the recovery of the vitamin is noted in 
the more dilute solutions and vice versa. 


| 
| 
| 
| | | | | 
| | | pH = 7.0 
‘Chemical Reagent = 
| Xylene Extraction=a2ce. 
ae 
+ 8 10 a 18 2a 2% 48 


Fic. 1. Time required for completion of the reaction between thiamine 
and diazotized p-aminoacetophenone. <A total of 100 micrograms of thia- 
mine chloride was used in each test. 


In similar fashion, tests conducted with varying quantities of 
the reagent but with all other factors maintained constant indi- 
cate that greater recoveries of the vitamin derivative are possible 
when decreasing amounts of the reagent are used. This is true 
to within certain limits, after which the quantity of the reagent 
may be insufficient to couple with all of the vitamin. These vari- 
able recoveries were found to be due to the fact that the thiamine 
concentrations are determined by an alkaline reagent which 
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tends to destroy the vitamin and as the ratio of the volume of the 
reagent to that of the vitamin solution is decreased this destruc- 
tion is reduced. ‘These findings are presented in Fig. 3. 

In order to minimize the destructive action of the alkaline 
reagent upon the vitamin, tests were conducted at 0-5° with all 
solutions initially chilled to this temperature range. Only 70 
per cent recoveries were obtained after a 24 hour reaction period, 
probably owing to a decrease in the velocity of the chemical reac- 
tion. Attempts to make a reagent containing the diazonium 


| Volume of 
| | Vitamin luTio 
| 
Tv 
pH of Vitamin Solution = 7.0 
Chemical Reagent =20cc, +6 We 
Time of Reacfion = 2+hrs. 
Xylene Extraction =2 ec. a 
| 
6 
x x | 
« 
x 
| 
@ @ 464 2 © 232 4 
(—) Values (+) Values 


Fic. 2. Influence of variations in volume of the thiamine solution upon 
the reaction between thiamine and diazotized p-aminoacetophenone. A 
total of 100 micrograms of thiamine chloride was used in each test. 


salt of p-aminoacetophenone in a less alkaline solution were un- 
satisfactory. 

We have preferred to use the proportion of 2 parts of the reagent 
to 1 part of the vitamin solution because tests on biological ma- 
terials have indicated that other substances are always present 
in the final test solutions, which also react with the reagent, 
so that an excess of reagent is desirable. 

Influence of pH upon Reaction—In the reaction between diazo- 
tized p-aminoacetophenone in alkaline solution and thiamine the 
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initial hydrogen ion concentration of the latter solution was 
found to exert a profound effect upon the percentage recovery of 
the vitamin derivative. In the investigation of this problem 142 
tests were conducted. The most significant series of these deter- 
minations is presented in Fig. 4. Pure aqueous solutions of the 
vitamin, containing in all cases 100 micrograms of thiamine 
chloride but varying amounts of acid or alkali, were tested. All 
other factors influencing the reaction were maintained constant. 


7 
30 
Total Reaction Volume =30cc. 
pH of Vitamin Solution=7.0 
of Reaction =a4 hrs. 
— Xylene Exfvacfion =2cc. 15 
TAN 
4 
70 65 35 30 26 20 § © § O 410 f§ 30 35 40 45 
= lue ret (+) Values 


Fic. 3. Effect of varying quantities of the reagent upon the reaction 
between thiamine and diazotized p-aminoacetophenone. A total of 100 
micrograms of thiamine chloride was used in each test. 


Examination of Fig. 4 indicates that, as the acidity of the vitamin 
solution is decreased, greater recoveries of the vitamin derivative 
are obtained. For maximal and constant recoveries it is neces- 
sary to neutralize to a point just alkaline to litmus and to follow 
this tmmediately with the addition of the reagent. If the solu- 
tion is made too alkaline, losses as large as 10 per cent may occur 
despite the immediate addition of the reagent. The variable 
results obtained on the alkaline side are probably due not to any 
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effect of pH upon the reactfon but to a destruction of the thiamine; 
such an interpretation is indicated in Fig. 4 by the broken line. 
Reproducibility of Method —In all cases the volume of the thi- 
amine solutions was 10 cec., the reaction was neutral to litmus, 
20 cc. of the reagent were added, and after a 24 hour reaction 
period at room temperature the vitamin derivative was extracted 
by xylene. The results of this study are summarized in Table I. 


R 
ifamin B, 
| T h 
x 
| | 
Chemical Reagenf=20cc. 
5 Time of Reaction=24 
4 Xylen Extraclion= ace: 
| 
| 
05; O3 Oa oO. O02 03 
cc. NH, pH 70 ce. N NaoH 
i i i i i i L i 


Fic. 4. Influence of pH upon the reaction between thiamine and diazo- 
tized p-aminoacetophenone. A total of 100 micrograms of thiamine chloride 
was used in each test. The variable results on the alkaline side (broken 
line) are probably not due to any effect of pH upon the reaction, but to a de- 
struction of the thiamine. 


In this series the maximal deviation from the average is +4 per 
cent, with the average deviation +2 per cent. The greatest 
differences are found in the tests conducted with the solutions 
containing 5 micrograms of thiamine chloride per ce. This con- 
centration of the vitamin represents the lower limits of the sensi- 
tivity of the method for accurate analyses without the modifica- 
tions to be deseribed (24). 

Intensity of Color Obtained As an Index of Thiamine Concen- 
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tration—With the solutions described in Table I as standards for 
comparison, tests were conducted under the standardized condi- 
tions given above to determine the vitamin concentrations in 
solutions ranging from 0.4 to 2.0 times the standard. Table I] 
presents the results of the study. The curves, obtained with the 


TABLE I 
Reproducilility of Chemical Method for Determination of Thiamine 


Deviation from average 


Thiamine concen- 
No. of determinations 


tration 
Maximal Average 
micrograms per cc. | per cent per cent 
5 | 12 +6 +3.5 
10 12 +5 +1.5 
20 | 12 +3 +2 
40 | 12 +4 a1 5 
80 | 12 +3 +2 | 


TABLE II 


Chemical Determination of Thiamine Concentration in Solutions Ranging 
from 0.4 to 2.0 Times the Standard 


Ratio of thiamine concentration in sample to standard solution 

concentration 0.40 | 0.60 0.80 | 1.00 | 1.20 | 140 | 1.60 | 1.80 2.00 

Colorimetric readings* 


ood | mm. mm. mim. | mm. | mm. mm. | mm. mm. 
10 (69.0 33.6 25.1 19.8 16.7 14.1 12.2) 11.0) 9.9 
20 49.0 | 34.2 | 24.9/ 19.9 17.0 | 13.9/ 11.7 10.7) 9.6 
40 | 54.0 | 36.8 | 25.9 | 19.7 | 16.7 | 13.41 11.7| 9.7/| 8.8 
80 | 65.2 | 38.4 | 26.4 | 20.4 | 15.9 | 12.6 | 10.7! 8.6! 7.5 


Theoretical | 50.0 | 33.3 25.0 20.0 16.7. 14.3 12.5) 11.1 10.0 


* Standard solutions of the vitamin derivative in xylene set at 20 mm. 


10 and 20 micrograms per cc. solutions as the standards, show 
good agreement with the thoretical values. With the 40 and 80 
micrograms per ce. solutions as standards, discrepancies occur 
which become greater as the differences between sample and 
standard increase. However, in all of these tests such disagree- 
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ment does not indicate errors in the observed values, because of 
the excellent reproducibility of the individual determinations. 
It indicates that, for estimating the thiamine concentration by 
this method without the modifications to be deseribed (24), it is 
essential to have available a previously determined reference 
eurve bracketing the value obtained. 


SUMMARY 


The characteristics of the reaction between thiamine in pure 
aqueous solution and diazotized p-aminoacetophenone with re- 
spect to specificity, time for completion of the reaction, influence 
of variations in volume and pH of the solutions, reproducibility, 
and applicability to the quantitative determination of the vitamin 
concentration were studied. Xylene was found to be a selective 
solvent for the quantitative extraction of the reaction product. 
With the use of xylene, the reaction is specific for thiamine and 
with controlled conditions may be used for the quantitative de- 
termination of it In pure aqueous solution. 
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CHEMICAL DETERMINATION OF VITAMIN B, 


II. METHOD FOR ESTIMATION OF THE THIAMINE CONTENT 
OF BIOLOGICAL MATERIALS WITH THE DIAZOTIZED 
p-AMINOACETOPHENONE REAGENT 


By DANIEL MELNICK* ann HENRY FIELD, Jr. 


(From the Department of Internal Medicine, Medical School, University of 
Michigan, Ann Arbor) 


(Received for publication, November 14, 1938) 


In Paper I (1) the reaction between thiamine in pure aqueous 
solution and diazotized p-aminoacetophenone (2) was investigated 
and found to be suitable as the basis of a chemical method for 
the determination of the vitamin. For the application of the 
reaction to analyses of biological materials, it is first necessary 
to concentrate the thiamine into a small enough volume so as to 
be within the limits of sensitivity of the method. This in itself 
presents little difficulty but the problem was found to be com- 
plicated by the fact that various impurities in solutions of thiamine 
completely inhibit the reaction. It was necessary either to 
modify the reaction so that it would not be subject to such in- 
hibition or to devise methods for preparing concentrates which 
would eliminate the interfering substances from the solution to 
be tested. Both of these requirements have been satisfied to 
such an extent that accurate determinations of thiamine in 
biological materials are possible, with the diazotized p-amino- 
acetophenone reagent. 


EXPERIMENTAL 


Advantages of Conducting the Reaction in Presence of Phenol 
and Ethyl Alcohol—-In studies involving the use of phenol for 
extracting the vitamin from saturated salt solutions recoveries 
greater than 100 per cent were consistently obtained owing to 
the presence of traces of ethyl alcohol or of phenol, which escaped 


* Upjohn Fellow in Clinical Research, 1937-39. 
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ether extraction, in the final concentrates. Other organic hy- 
droxy compounds such as methanol, benzyl alcohol, and pH 
indicators also increase the sensitivity of the reaction. 

In order to investigate the behavior of phenol in this respect, 
a series of determinations was made in which varying amounts 
of phenol were added to the vitamin solutions, each 10 cc. in 
volume and containing a total of 100 micrograms of thiamine 
chloride. No phenol was added to the standard solution. The 
procedure used in testing for the vitamin was the same as that 
described in our experiments conducted with pure aqueous 
solutions of thiamine (1). Although phenol, like some other 
organic compounds, reacts with the reagent to yield a colored 
solution, only the red pigment due to the vitamin derivative is 
extracted by the xylene. The results of these determinations are 
presented in Fig. 1, A. 

It is apparent from the curve in Fig. 1, A that small quantities 
of phenol increase greatly the sensitivity of the reaction but with 
larger amounts of phenol the intensity of the color in the xylene 
layer becomes relatively constant. In the presence of very large 
amounts of phenol (300 mg. or more) the reaction fails unless 
larger quantities of the reagent are used. 

Ethyl aleohol used in place of phenol affects the reaction 
similarly. When both phenol and aleohol were used, there was 
an increase in the intensity of the color in the xylene layer ap- 
preciably greater than that observed when the reaction was 
conducted in the presence of either of these substances alone. 
Fig. 1, B illustrates these findings. | 

With appropriate quantities of phenol (50 mg.) and ethyl 
alcohol (equal in volume to that of the thiamine solution), results 
in close agreement with the theoretical values were obtained in 
tests conducted with solutions ranging from 0.4 to 5 times the 
standard, in this case also the 10 micrograms per ec. solution of 
thiamine chloride. For amounts more than 2 times the standard, 
greater quantities of xylene were used in order to obtain solutions 
the color intensities of which were comparable to the standard. 
Without the phenol and alcohol it had previously (1) been neces- 
sary to employ a standard more closely approximating the test 
solution in concentration, and in some cases a previously deter- 
mined reference curve had to be used in order to obtain the 
true value. 
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| Ethanol Added to Vitamin Solufion | 
‘Fic. 1. Use of phenol (A) and ethanol (B) to increase the sensitivity of 


the reaction for the chemical determination of thiamine. 
micrograms of thiamine chloride was used in each test. 


A total of 100 
In B the crosses 


represent values obtained with varying amounts of ethanol alone; the 
circles, values obtained with 50 mg. of phenol present in each case in addi- 
tion to the ethanol. 
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Be ‘ause of the increased pigment production in the presence of 
phenol and alcohol, it became possible, by using three-tenths quan- 
tities of test solution and reagent but the same volume of xylene, 
to determine accurately smaller quantities of the vitamin, as little 
as a total of 10 micrograms of thiamine chloride. (uantities as 
small as micrograms estimated with t |} e average rror 
not exceeding +10 per cent. 

It was also found that the presence of phenoi and alcohol made 
possible quantitative analyses of solutions contaiming substances 
which otherwise would inhibit the reaction. 100 per cent re- 
coveries of the vitamin from concentrated salt solutions became 
possible, permitting the use of such solutions for elution from 
permutit without subsequently separating the vitamin from the 
salts as had previously been necessary. The advantage of the 
use of both phenol and alcohol and a larger volunce of alcohol 
than that which had been previously observed to be optimal 
(one-fourth of the vitamin solution) in tests on pure aqueous 
solutions is indicated in Table I. 

The presence of phenol and alcohol has the further advantage 
that effects of traces of substances in the final solution which 
would have a similar action are no longer apparent. Thus, it 
makes possible the use of an inside indicator for the adjustment 
of the pH of the thiamine solution before the addition of the 
reagent. (Thymol blue has proved satisfactory for this purpose, 
the color due to the indicator not being extracted by »ylene.) 
It has also been found to minimize errors (1) due to deviation 
from standard conditions, such as variations in volume of the 
vitamin solution or reagent, and to exert an appreciable protective 
effect on the vitamin in solutions alkaline to litmus. 

l'se of Adsorption and El..tion Technique for Preparation of 
Thiamine Concentrates—For the preparation of suitable test 
solutions from biological materials various methods of extraction, 
adsorption, and elution were tried. Lloyd’s reagent was not 
satisfactory, since eluates (3, 4) from it contained unknown inter- 
fering substanes. Repeated extractions of the Lloyd’s reagent 
with the eluting solution (4) did not remove entirely these inter- 
fering substances. 

Synthetic zeolite (permutit), first used by Cerecedo and Hen- 
nessy as an adsorbent for vitamin B, (5), was found to be more 
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suitable. ‘These authors later employed a hot 25 per cent KCl 
solution in order to elute the vitamin from the zeolite (6). Rather 
than a simple WCl solution, we have used one acidified with 
H.SO, to pH 2 for the elution procedure. When the salt solution 
at pH 7 was employed, recoveries of from 90 to 95 per cent of 
the theoretical values were obtained. This, we believe, is due 
to the lability of the vitamin to heat even at pH 7. The successful 


TABLE I 
Use of Phenol and Ethanol to Allow Quantitative Determination of Thia- 
mine Content of Concentrated Salt Solutions 


Percentage 


Concentration Concentration Ethanol 
Salt present , recovery of 
pee of salt of phenol added thiaminet 
gm. percent mg. per cent 

NasO, 20) 0) None | 40 

NaC] 20 0 a 42 

KCI 25 0 | 65 

NaesO, 20) 5 7 | 77 

NaCl 20 5 

KC] 25 5 | 85 

Na SO, 20 0 Equal volume 9] 

NaCl 20) | 0 O4 

| 

25 0 0.25 volume | 48 

| 25 0 * | 45 

NaSO, 20 5 Equal volume | 100 


* These substances were added to the thiamine solution before the 
reagent. 
+t Each of the solutions contained 100 micrograms of thiamine chloride. 


elution of thiamine by 3.5 N HeSO, (7) indicates that zeolite 
holds the vitamin by adsorption rather than by a base exchange 
as suggested by others (5, 6,8). Obviously, a strong acid solution 
cannot enter into a base-trading reaction. We have therefore 
continued to refer to the procedure with zeolite for the prepara- 
tion of thiamine concentrates as adsorption and subsequent 
elution. Supporting evidence for this view is found in Paper III 
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(9) dealing with the behavior of aqueous solutions of the phos- 
phoric esters of thiamine when subjected to the same adsorption 
and elution procedures. 

The limiting factor in the method for the chemical deter- 
mination of thiamine appears to be the efficiency of the zeolite 
adsorption. The presence of salts, non-aqueous solvents, and 
large concentrations of other organic material prevents quantita- 
tive adsorption of thiamine. Only 65 per cent recoveries of the 
vitamin were obtained by adsorption and elution when the thi- 
amine solutions (100 ec.) contained NaCl in amounts comparable 
to an equal volume of urine and buffered to yield a similar titrat- 
able acidity. In the presence of large amounts of ethyl alcohol, 
acetone, or phenol the recoveries were exceedingly small. Hence, 
it is necessary that the vitamin extract be as free as possible 
from substances which interfere with the adsorption. 

Methods for Quantitative Extraction of the Vitamin from Bio- 
logical Materials— Since thiamine exists in biological materials 
both in the free state and as the phosphoric esters (10, 11), a 
method by which both forms can be extracted is desirable. A 
simple aqueous extraction is preferable if the resulting solution 
allows quantitative adsorption of the vitamin. Aqueous and 
80 per cent methyl alcohol solutions are capable of extracting 
both forms of the vitamin from biological materials. 

The 80 per cent methanol solution is a more selective solvent, 
since it eliminates considerable amounts of salts and organic 
material from the final solution. However, because zeolite will 
not adequately adsorb thiamine from such a solution, the aleohol 
must be removed by tn vacuo distillation. In some cases a con- 
siderable amount of extracted lipids may come out of solution 
during the aleohol distillation, necessitating an additional ether 
extraction in order to yield a suitable concentrate. 

Of the water-immiscible solvents investigated by Greene and 
Black, benzyl alcohol and phenol proved to be the most satis- 
factory (12). They report that the distribution coefficient of the 
vitamin between solvent and water is markedly increased by 
the saturation of the aqueous phase with NaCl. Inasmuch as 
ethyl alcohol precipitates cocarboxylase from aqueous solution,’ 


‘1 Personal communication from Dr. Joseph L. Melnick and Dr. Kurt G. 
Stern of the Laboratory of Physiological Chemistry, Yale University, 
New Haven. 
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we believe that these solvents also are unable to extract phos- 
phorylated thiamine from biological materials. To use such 
solvents, a preliminary conversion of cocarboxylase to thiamine 
is probably essential. 

Phenol (88 per cent solution) has an extremely high solvent 
action for the vitamin. However, recovery of the thiamine from 
the phenol solution, where it is apparently combined as a phenol- 
ate, requires a laborious procedure (13). 

Benzyl alcohol is a more selective solvent for thiamine than 
phenol. Salts are practically insoluble in it and many organic 
compounds soluble in phenol are not extracted. The vitamin 
may be recovered from the alcohol phase by adding acidulated 
(pH 3 to 4) water and an excess of ether (5 volumes). Jn vacuo 
distillation will remove all dissolved ether from the separated 
aqueous phase. 

Chemical Determination of Thiamine in Biological Materials— In 
the present study analyses of rice polish, wheat germ, yeast, and 
liver preparations were carried out. With the first three sub- 
stances, low in salt relative to the vitamin content, simple aqueous 
extraction yields solutions suitable for adsorption on permutit. 
A sample sufficient to yield an extract containing approximately 
150 micrograms of thiamine is taken for analysis. 20 to 30 parts 
of water at 70° are added to the material previously ground to a 
powder, the pH 1s adjusted to 4.5, and the extraction allowed to 
proceed for 30 minutes under an atmosphere of nitrogen with the 
water bath at 70-72% and with mechanical stirring. The sus- 
pension is centrifuged and the pooled extract and washings 
subjected to zeolite adsorption. 80 per cent methyl alcohol is 
equally efficient for the extraction. The same procedure may 
be followed when this solvent is used. An extraction period of 
10 minutes is satisfactory. 

These extraction methods cannot be employed in the analyses 
of all types of biological materials because the resulting solutions 
may contain other substances which prevent quantitative ad- 
sorption of the vitamin by the zeolite. In analyses of a liver 


? Dr. Harold Levine of the Premier-Pabst Corporation, Milwaukee, has 
used a similar procedure for the quantitative extraction of thiamine from 
yeast powder. We are indebted to him for a number of helpful suggestions 
and also for supplying us with several yeast preparations used in the course 
of this investigation. 
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extract powder® theoretical recoveries of added thiamine were 
obtained only by use of benzyl aleohol. The material is dissolved 
in a minimal! quantity of water, Nao O, added to saturation, and 
the solution concentrated tn vacuo to a syrup. Benzyl alcohol is 
then added and the concentration continued until no aqueous 
phase remains. The vitamin is recovered from the pooled 
alcoholic extract and washings by the procedure described in the 
preceding section. The benzyl aleohol method for the extraction 
of thiamine has also been applied to analyses of urine with good re- 
sults, although the procedure requires further standardization. 

The thiamine solution, free from organic solvents, is subjected 
to zeolite adsorption and subsequent elution. 

The method, by which consistently excellent results are obtained, 
is described below. The essential features of the apparatus used 
are shown in Fig. 2. A large batch (3 to 5 pounds) of the zeo- 
lite’ is first treated according to the directions of Cerecedo and 
Kaszuba (14) in order to remove free alkali. The material is 
then washed by suspending it successively five times in distilled 
water, three times in 95 per cent ethyl aleohol, once in acetone, and 
finally twice in anhydrous ether. The material is filtered, dried at 
50°, and stored in bottles for future use. Exactly 3 gm. of the 
purified zeolite are poured into the filter tube (8 mm. inside 
diameter) on top of the glass wool pad. This gives a filtering 
eolumn about 4 inches in height. Inasmuch as the same permutit 
filter is used repeatedly after KCI elution, except in the first 
instance, the zeolite is first prepared by running through it 30 ee. 
of a 25 per cent solution of KCl, adjusted to pH 2 and heated by 
the steam jacket. With the suction continued, the above is 
followed by a washing with 500 ce. of hot distilled water. The 
flow of steam is stopped and the filtering chamber opened to the 
nitrogen reservoir (a large rubber balloon) in order to fill the 
system with the inert gas. The vitamin solution at pH 4.5 
(preferably non-buffered) is added to the graduate and passed by 
way of the siphon into the filtering column. With the suction now 
turned off and the apparatus open to the atmosphere at both top 
(A) and bottom (#8) the gravity filtration is allowed to proceed at 


§ Kindly furnished by Eli Lilly and Company, Indianapolis. 
* Decalso, approximately 50 mesh, kindly furnished by the Permutit 
Company, New York. 
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room temperature. The rate of filtration is approximately 10 ce. 
per minute. As soon as all of the vitamin solution is drawn into 
the siphon, 30 ec. of water at pH 4.5 are added to the graduate. 
This is then permitted to run into the siphon separated from the 
vitamin solution by a bubble of air until all of the vitamin solution 
is in the filter column. With the wash solution in position for 
use, the system is opened to the nitrogen reservoir and suction 
applied to hasten the filtration of the remaining vitamin solution 
through the zeolite column. The system is then opened to the 
atmosphere as before and with steam passing through the glass 
jacket, the wash solution is allowed to flow into the filtering 
column. The graduate is then replaced by test-tube D containing 
10.0 ec. of the acidulated KCI solution. By using the same pro- 
cedure described above this solution is siphoned into position for 
the subsequent elution of the vitamin. The wash solution, now 
heated, is then rapidly and completely drawn through the zeolite 
with suction applied at one end (#) and with the other open to the 
nitrogen reservoir. This solution serves the dual purposes of 
washing out any of the remaining vitamin solution and also raising 
the temperature of the zeolite filter to one optimal for elution. 
With the system again opened to the atmosphere and with the 
graduated tube (F) held in position (G) by the glass supports, 
the salt solution is siphoned very slowly through the steam 
jacket until all of it has been added. At first pressure from 
the nitrogen reservoir alone is used, but suction is applied at 
the very end to draw out all of the salt solution. The tempera- 
ture of the permutit filter during the elution is about 65°. The 
eluate is caught in the tube (F’) and brought to the 10 ce. mark. 
The permutit filter is washed with 0.5 liter of hot, distilled water 
and is then ready for another analysis. The entire procedure 
takes about 20 minutes. 

3 ec. of the eluate are pipetted into a 50 ec. centrifuge bottle. 
This is followed by the addition of an equal volume of a 95 per 
cent ethyl alcohol solution containing 5 mg. of phenol per ee. 
1 drop of the thymol blue indicator is added. While a fine stream 
of nitrogen gas is bubbled through the solution, a 1 N NaOH 
solution is added dropwise until a faint but positive blue color 
appears. 6 ec. of the Prebluda-McCollum reagent (2) are then 
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added. ‘The bottle is stoppered’ and allowed to stand overnight 
at room temperature. 2 cc. of xylene are then added and the 
mixture shaken vigorously for 1} minutes. After centrifugation 
the color in the xylene layer is compared in a microcolorimeter 
with a standard similarly treated. Only the color of the vitamin 
derivative is extracted, the aqueous phase retaining the colors due 
to the pH indicator, the phenolic derivative, and any other sub- 
stance present reacting with the reagent to yield colored products. 
For the standard solution 0.5 ec. of a solution containing 
50 micrograms of thiamine chloride is added to a 2.5 ee. 
aliquot of a blank KCl eluate (10 ec.). The blank is es- 
sential, not owing to any lack of specificity, but because the 
amount of pigment recovered from permutit eluates may vary 
from 85 to 95 per cent of the theoretical. The percentage re- 
coveries are consistent for eluates from the same permutit filter. 

A series of tests with both the permutit adsorption and elution 
technique and the phenol-ethanol modification of the chemical 
method for the determination of thiamine has indicated that 
consistently excellent results are yielded by the procedure. 
One individual may carry out as many as ten complete deter- 
minations in an 8 hour day with the chemical tests on the eluates 
run in duplicate. It is advisable to save all the eluates and then 
set up the tests as one series with one standard for comparison. 
A typical series of determinations with these procedures in 
tests conducted on pure aqueous solutions of thiamine chloride 
is presented in Table II. All of the tests were conducted with 
the same permutit filter and with one standard for comparison 
containing the vitamin dissolved in a blank zeolite eluate, as 
described. In the case of the more concentrated thiamine solu- 
tion (200 micrograms per 3 ce. aliquot) only 50 micrograms were 
added to the aliquot, because the total amount present, 250 
micrograms, represents the maximal content of thiamine chloride 
that can be determined by 6 ec. of the reagent under these con- 
ditions of experimentation. Thus, by the use of 6 ec. of reagent 
with 3 ce. of a zeolite eluate, containing a total of from 10 to 
250 micrograms of thiamine chloride, quantitative results are 
yielded when the reaction is carried out in the presence of phenol 


®> Cork stoppers are used. 
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and ethyl aleohol. When more than 250 micrograms of the vita- 
min are present, it is necessary to add more reagent or, as we 
prefer to do, dilute the solution in order to reduce the thiamine 
concentration below the maximal limit of the test. 

When tests are conducted on the KCI eluates from zeolite, an 
appreciable precipitate of previously dissolved permutit appears. 
This precipitate does not affect the accuracy of the method when — , 
pure aqueous solutions of thiamine chloride are used. However, 
in tests conducted with extracts of biological materials a con- 
siderable amount of red pigment (the vitamin derivative) adheres 


TABLE II 


Use of Adsorption on Zeolite and Subsequent Elution As a Means for 
Preparing Thiamine Concentrates: Recovery Experiments 


Theoretical values 


aliquot aliquot 
micrograms cc. cc. micrograms micrograms micrograms 
34 | 10 3 10 | | 10 
| 10 20) 100 
S4 | 10 3 25 0 25 100 
3 | 25 49 96 
167 | 10 3 50 0) 49 98 
50 98 98 
334 10 3 100 
| 100 
667 3 200 0 


to the permutit and resists xylene extraction despite the alkaline 
pH of the solution. <A strong acid solution dissolves the pre- 
cipitate, allowing the xylene to extract all of the vitamin deriva- 
tive. In addition other colored compounds resulting from 
the reaction between substances in solution (including the phenol) 
and the diazonium salt are now also extracted by xylene from the 
acidified aqueous phase. However, on addition of an equivalent 
amount of alkali these other colored substances return to the 
aqueous phase and the permutit precipitate forms again, but the 
xylene this time retains quantitatively all of the color due to the 
vitamin derivative. After the KCl eluate has been allowed to 
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react with the reagent in the presence of phenol and ethyl alcohol, 
the major portion of the vitamin derivative is extracted by the 
xylene. 5 ce. of 20 per cent H:SO, solution® are then added and 
the bottles stoppered tightly (since COs, is liberated) and shaken 
for 15 to 20 seconds. After the addition of 10 cc. of 15 per cent 
NaOH solution, the shaking is repeated for another period of 15 
to 20 seconds. ‘The color in the xylene layer is then compared 
with a standard similarly treated. This modification does not 
lengthen appreciably the time required for the determinations. 
This procedure has no destructive effect on the vitamin derivative. 
Experiments with thiamine chloride, dissolved in blank KCl 
eluates of zeolite, gave the same results before and after the 
acidification-alkalization procedure. For the calculation of the 
vitamin concentration of the solution tested, no previously deter- 
mined reference curve need be used, since in all cases the intensity 
of the color in the xylene layer varies directly as the original 
thiamine concentration. 

Another difficulty, encountered in applying the reaction to 
assays of biological material, was the presence of other substances 
in the KCl eluates which at times exerted an appreciable in- 
hibitory effect upon the chemical reaction. Thus, recoveries as 
low as 80 per cent were frequently found, whereas with pure 
aqueous solutions theoretical values were consistently obtained. 
However, the proper correction factor may be obtained and 
applied to give the true value for the thiamine present by deter- 
mining the percentage recovery of an increment of thiamine 
chloride (50 micrograms) added to an aliquot of the zeolite 
eluate tested. 

The procedures described have been used to determine the 
thiamine content of biological materials. Table III presents the 
results of these tests. The series of values obtained in the analyses 
of the aqueous concentrate of rich polish (Sample I) gives some 
index of the reproducibility of the results. Both the aqueous 
extraction method and method of extraction with 80 per cent 
methanol were used in a number of cases to prepare solutions 
suitable for the subsequent adsorption procedure. The close 
agreement between the values obtained for the initial thiamine con- 


§ 20 cc. of concentrated H.SO, (sp. gr. 1.84) diluted with distilled water 
to 100 ce. 
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centration in each case suggests that the vitamin can be quantita- 
tively extracted by both procedures from the materials tested. In 


III 
Chemical Determination of Thiamine in Biological Materials 


Chemical assay 


Percent- 


Description of preparation | Thiamine 
present* 
amine® 
| micrograms 
pergm, 
A Dried yeast powder Aqueous 40) 99 
| 80% CH;,OH 38 103 
Aqueous 37 100 
| 80% CH;,OH 38 98 
80°% CH;OH 44 103 
D Artificially sweetened, concen- Aqueous 29.5 104 
| trated aqueous extract of veast 80% CH,OH 30.5 105 
Kk Dehydrated yeast and liver con- Aqueous gy 
centrate 80% CH;OH | 63 105 
F 50° C.H;OH extract of yeast 1.6 102 
| powder 
G Aqueous extract of yeast powder 3.9 106 
with CHCl; as preservative 
H 12.5 99 
I Aqueous concentrate of rice | 213) 
polish | ned | 
202 98 
192) 
203 | | 
J Wheat germ powder Aqueous 27 104 
K Liver extract powder Benzyl aleohol = 12.5 101 
Average recovery of added thiamine chloride. .... .. 101 


* Corrected for the presence of interfering substances in the final test 
solution according to the method described in the text. 


the case of Solutions G and H, the chloroform was first removed 
by in vacuo distillation. The 50 per cent ethyl alcohol extract (Sam- 
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ple F) was treated exactly in the same manner as the methanol solu- 
tions. The most significant column in Table II] is that dealing with 
the percentage recovery of added thiamine chloride (100 micro- 
grams added in each case). Theoretical values are consistently 
obtained. In the series reported the average recovery value is 
101 per cent with an average deviation of +3 per cent. 

Specificity of the Method for Chemical Determination of Thiamine 
in Bwological Materials—-When the thiamine and other sub- 
stances in the KCl eluates from the zeolite filter are allowed to 
react with the reagent in the presence of phenol and ethyl aleohol, 
the colors developed are masked by that due to the pH indicator 
and to the phenolic derivative formed. Only the color resulting 
from the reaction between the vitamin and the diazonium salt 
is extracted by xylene. When the reaction is conducted in the 
presence of ethyl alcohol alone and use made of an outside pH 
indicator, other substances are found to be present which react 
with the reagent to yield pigments varying in color from pale 
yellow to orange. ‘These compounds are not extracted by the 
xylene. In all of the tests reported in the present paper, and also 
in unpublished analyses of urine, aliquots of the KCl eluates 
were tested to determine whether the material responsible for the 
red color in the xylene layer is labile to alkali and heat as thiamine 
itself. When these solutions were adjusted to pH 13 and then 
heated in a water bath at 100° for 5 minutes, there was a decrease 
in intensity of the color extractable by xylene from 50 to 70 per 
cent of that initially present. Autoclaving these solutions at 15 
pounds pressure for 16 hours at the same alkaline pH resulted in 
a complete disappearance of all color extractable by xylene. 
When the reaction was conducted in the presence of ethyl aleohol 
alone, the aqueous phase still showed the same colors, the intensities 
of which were comparable to those observed before the heat 
and alkali treatment. Control tests in which thiamine was added 
to other samples, treated similarly but now neutralized, indicated 
that the disappearance of color previously noted was due to a 
destruction of the compound responsible for the color and not to 
an inhibition of the reaction because of the production of inter- 
fering substances by the heat treatment. 

In the present report no attempt was made to compare with 
the bioassay values the results obtained by chemical analyses. 
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In addition to the limitations of the biological assay (15) only 
free and not total thiamine (9) is determined by the method de- 
scribed, so that discrepancies should occur for this reason alone 
between the values obtained by these two methods. The chemical 
determination of phosphorylated thiamine, which is also bio- 
logically active (10), is discussed in Paper III (9). 


SUMMARY 


The chemical reaction between diazotized p-aminoacetophenone 
in alkaline solution and thiamine has been successfully applied 
to the determination of the thiamine concentration in extracts 
of rice polish, wheat germ, yeast, and liver. The method involves 
the quantitative extraction of the vitamin from biological mate- 
rials, selective concentration of the vitamin by means of zeolite 
adsorption and subsequent elution, and estimation of the thiamine 
concentration by a modification of the chemical reaction allowing 
accurate analyses despite the presence of substances which 
formerly interfered with the reaction. The method is_ specific 
for free thiamine. The vitamin in the phosphorylated form is not 
determined. 
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In Papers I and II (1, 2) the reaction between thiamine and 
diazotized p-aminoacetophenone in alkaline solution (3) was 
studied and a method of applying it to biological materials was 
described. Recently Lohmann and Schuster (4) reported that 
thiamine may exist in nature as the pyrophosphoric ester to 
constitute cocarboxylase, the coenzyme of carboxylase. Co- 
carboxylase has biological activity corresponding to free thiamine 
(4). It will be shown that in yeast as much as 75 per cent of the 
vitamin may be in the esterified form. Preliminary tests con- 
ducted with the phosphoric esters of thiamine! indicated that these 
compounds react with the diazonium salt to yield colored solutions 
(orange to pink). ‘The pigments of such solutions, however, are 
not extracted by xylene, but remain in the aqueous phase.? Since 
in this chemical method the intensity of pigment in the xylene 
layer only is determined, the total thiamine content cannot be 
estimated unless a quantitative hydrolysis of the esterified forms 


* Upjohn Fellow in Clinical Research, 1937-39. 

1 We are indebted to Dr. Joseph L. Melnick and Dr. Kurt G. Stern of the 
Laboratory of Physiological Chemistry, Yale University, for supplying us 
with synthetic preparations of these compounds. ‘The cocarboxylase was 
in aqueous solution containing in addition some of the monophosphate and 
unchanged thiamine chloride. The monophosphate was supplied as the 
crystalline product. 

? These colors cannot be observed unless the reaction is carried out in 
the presence of ethanol alone. When phenol also is used to increase the 
sensitivity of the reaction, these colors are masked by that due to the 
phenolic derivative. 
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to free thiamine is first carried out. This step is essential. A_ 
number of workers (5-7) have reported that, likewise, in the thio- 
chrome method for determining thiamine, the cocarboxylase 
forms a thiochrome but that it is not extracted by isobutanol and 
hence cannot be estimated (6, 8). 

Cocarboxylase may be hydrolyzed to thiamine monophosphate 
by 1 N HCI solution (4) but the latter is resistant to acid hydrol- 
ysis. Alkaline hydrolysis will completely remove the second 
phosphoric acid grouping but is impractical for analytical purposes 
beeause of concomitant destruction of thiamine. Kidney phos- 
phatase (4, 7, 9) has been used as means for hydrolyzing the 
coenzyme to the free vitamin. However, with such a preparation 
the conversion has not been shown to be quantitative. Recently 
a more efhicient procedure was reported by Kinnersley and Peters 
(10) who made use of a taka-phosphatase preparation for the 
hydrolysis of the esterified vitamin. The application of their 
method to quantitative analyses of biological materials for their 
total thiamine content was not attempted. 

During the autolysis of yeast complete disappearance of co- 
carboxylase activity has been reported (11). Bacterial con- 
tamination likewise has been found to cause destruction of cocar- 
boxylase (12). A complete hydrolysis of thiamine pyrophosphate 
(cocarboxylase) to free thiamine also would be associated with a 
disappearance of cocarboxylase activity. However, such a change 
was not demonstrated by either of these two investigators (11, 12), 
inasmuch as no attempts were made to identify any of the end- 
products resulting from the destruction of the coenzyme. In 
the present paper the quantitative enzymic conversion of phos- 
phorylated thiamine to the free vitamin is described so that the 
method is applicable to the determination of the total thiamine 
content. By difference between the thiamine values, obtained 
before and after hydrolysis, the concentration of the vitamin in 
the phosphorylated form may also be estimated.* 


EXPERIMENTAL 


Tests with Pure Aqueous Solutions of Cocarborylase and_ the 
Monophosphoric Ester of Thiamine—-That the phosphoric esters 
of thiamine react with the diazonium salt to yield pigments which 


3 A preliminary report of these studies has appeared elsewhere (13). 
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are not extracted by xylene has been described. These thiamine 
derivatives are adsorbed by zeolite but are not eluted by 25 per 
cent KCl or by 3.5 N HeSO,. When solutions of these esters are 
passed through the zeolite filter and the filtrates and eluates 
subjected to analyses, no color reactions are obtained. That this 
finding is not due to the presence of interfering substances is 
shown by positive tests after the esters are added to these solu- 
tions. This is not in accord with the conception that zeolite 
operates only through the mechanism of base trading (7, 14). 
For this reason and because of observations previously described 
(2) we prefer to use the terms adsorption and elution in referring 
to the use of zeolite for the preparation of vitamin concentrates 
suitable for analyses. 

Proof of Enzymic Conversion of Phosphorylated Thiamine to the 
Free Vitamin during Autolysis of Yeast-—In Paper II analyses of a 
number of yeast preparations were reported (see Table II] (2)). 
One sample (G) which had been prepared* under careful control 
gave values which were 27 per cent of that found by biological 
assay. In the course of the preparation of Extract H the aqueous 
yeast suspension had been exposed to the atmosphere with no 
preservative added for a period of approximately 24 hours. In 
this case good agreement with the biological assay value was 
obtained. We have investigated the mechanism of this increase 
in the content of free thiamine. 

In aqueous extracts prepared at 70° from a dried yeast powder,°® 
as previously deseribed (2), 40 micrograms of thiamine per gm. 
of the original yeast powder were found. When an aliquot of the 
extract was subjected to bacterial activity for a period of 48 hours, 
no change in the value for the thiamine content was observed. 
This was also true when 100 micrograms of the crystalline thiamine 
monophosphate were added to the extract and similarly exposed to 
bacterial contamination. 


‘These aqueous yeast extracts were prepared by Dr. Harold Levine of 
the Premier-Pabst Corporation, Milwaukee, and submitted to us for chemi- 
eal analysis. The authors are indebted to Dr. Levine for a number of help- 
ful suggestions. 

* A generous amount of this hot air-dried yeast powder, used as a source 
of phosphatase, was supplied by the Premier-Pabst Corporation, Mil- 
waukee. This product is the same as Sample A, described in Table III of 
Paper II (2). 
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On the other hand, when a suspension of the yeast powder, 
with or without toluene added as a bacterial inhibitor, was allowed 
to stand 2 days at room temperature, values of 162 micrograms of 
thiamine were obtained. Biological assay of this yeast had 
indicated a potency of 56.5 international units. No increase in 
the values of free thiamine occurred, on standing at room tempera- 
ture, In yeast suspensions which had first been heated to 70° for 
30 minutes or which contained added chloroform or in aqueous 
solutions prepared from 80 per cent methyl alcohol extracts. 

Iinzymes are believed to be protein in character or associated 
with a protein carrier. The low values for thiamine were obtained 
after the use of procedures by which the enzyme was precipitated 
or inactivated before opportunity for hydrolysis was permitted. 
These findings indicate that the change in the thiamine values 
is due to an enzymic hydrolysis of the phosphorylated vitamin to 
free thiamine. 

The enzyme present in yeast is capable of hydrolyzing quanti- 
tatively added phosphorylated thiamine. Theoretical values for 
extra free thiamine were obtained after the crystalline mono- 
phosphate was incubated with the veast suspension. Likewise, 
after the incubation of the yeast powder with protein and enzyme- 
free aqueous extracts of the same powder, all of the vitamin of 
both yeast powder and extracts was determined as free thiamine. 

Optimal Conditions for Enzymic Hydrelysis of Phosphoric 
Esters of Thiamine. Optimal vif--YTo each of five flasks con- 
taining 30 ec. of water, 0.2 ec. of toluene, and 100 micrograms of 
erystalline thiamine monophosy hate, 0.5 gm. of the yeast powder 
was added. The pH of each suspension was adjusted by adding 
various quantities of 1 Hes O, or NaOH solutions. The solutions 
were sufficiently buffered in themselves so that the initial pH 
values were maintained throughout the ineubation period. The 
hydrolysis was u.owed to proceed for a period of 24 hours at 


37.5°. The results of the analyses are summarized in Table LI. 


These tests indicate that the pH optimal for the hydrolysis of 
phosphorylated thiamine is rather closely restricted to that of 
4.5. The low value obtained when the reaction was allowed to 
proceed at pH 8 may be due in part to the instability of the vita- 
min in alkaline solution. 

Time Required for Completion of Enzymic Hydrolysis The tests 
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described above were repeated but this time all the suspensions 
were at pH 4.5, with the duration of the incubation periods allowed 
to vary. The results, summarized in Table II, indicate that the 
reaction is completed by the 12th hour. Plotting the course of 
the reaction in terms of percentage hydrolysis versus time gives ¢ 
curve characteristic of enzymic reactions. 

Optimal Temperature for Enzymic Hydrolysis The above tests 
were repeated with the pH adjusted in each case to 4.5 but with 
the incubation temperature varying from 10° to 70°. The 
reactions were allowed to continue for a period of only / hour. 


TABLE | 
Optimal pH for Enzymic Hydrolysis of Phosphoric Esters of Thiamine* 


Total thiamine chlor- Thiamine liberated Percentage hydrolysis 
pH ide found by hydrolysist of thiamine esterst 
micrograms micrograms 
] 20 0 0 
2.5 87 67 46 
4.5 168 148 102 
6 150 130 90) 
58 38 26 


* The aqueous yeast suspensions were incubated at 37.5° for a period of 
24 hours. 

+ The 0.5 gm. of yeast powder used in each test had a total vitamin 
content equivalent to 85 micrograms of thiamine chloride. 20 micrograms 
existed initially as free thiamine. The 100 micrograms of thiamine mono- 
phosphate, which were added to each mixture, are equal to 80 micrograms 
of the free vitamin (4) so that a total of 145 micrograms of thiamine existed 
in the esterified forms. 


It is apparent from Table III that an incubation temperature of 
approximately 45° is optimal for the hydrolysis of the phos- 
phorie esters of thiamine. At 70° no hydrolysis is possible owing 
to the inactivation of the enzyme by heat. 

Attempts to Isolate Phosphatase—Because of the indications of 
the protein nature of the enzyme, attempts were made to isolate 
from the active yeast powder a soluble protein fraction free from 
thiamine that would exhibit enzymic activity. Two different 
procedures were used. ‘The protein in the aqueous extrac¢t® of the 
yeast powder was precipitated by 80 per cent methyl! alcohol at a 


6 Prepared at room temperature. 
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temperature of approximately 5°. The precipitate was dehy- 
drated by consecutive washings with chilled absolute alcohol and 
ether and finally dried at 50°. In the other procedure the protein 


TaBLeE II 
Time Required for Complete Enzymic Hydrolysis of Phosphoric Esters 
of Thiamine* 


Total thiamine clor- Thiamine liberated Percentage hydrolysis 


Incubation time ide found by hvdrolvsist of thiamine esterst 
Ars. micrograms micrograms 
0 20) 0) () 
6S 17 
3 137 117 8] 
6 147 127 SS 
12 160 140 97 
18 167 147 101 
24 168 148 102 
30 163 143 99 


* The aqueous veast suspensions at pH 4.5 were incubated at 37.5°. 
+ The same explanatory statements added as a foot-note to these col- 
umns in Table Lapply here also. 


II] 
Optimal Temperature for Enzymic Hydrolysis of Phosphoric Esiers 
of Thiamine* 


Incubation tempera- Totalthiaminechlor- Thiamine liberated Percentage hydrolysis 
ture ide found by hydrolysist of thiamine esterst 
micrograms micrograms 
10 62 42 29 
D5 63 43 
37.5 73 50) 
45 110 62 
590 97 77 53 
70 20) 0) () 


* The aqueous yeast suspensions at pH 4.5 were incubated for a period of 
| hour at the temperatures indicated. 

+ The same explanatory statements added as a foot-note to these columns 
in Table I apply here also. 


fraction was obtained by dialyzing’ the aqueous extract against 
running water, concentrating the remaining solutiqn itn vacuo 


7 Cellophane No. 300, kindly furnished by E. I. du Pont de Nemours and 
Company, Wilmington, was used as the semipermeable membrane. It is 
impermeable to protein and therefore suitable for the dialysis of protein 
solutions (15, 16). 
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(35-40°) to a syrup, and dehydrating the material in a vacuum 
desiccator. In both cases approximately 65 mg. of the ground 
final product were equal to | gm. of the original yeast preparation. 
Despite, the precautions noted above, the protein present in the 
extract powders was largely denatured. However, a filtrate still 
gave a positive biuret test, a precipitate with sulfosalicylie acid, 
and a slight but positive heat coagulum. The ‘“‘enzyme’’ powders 
were found to be free from thiamine and incubation of them with 
the erystalline monophosphate resulted in a 30 to 50 per cent 
hydrolysis of the ester. Control tests showed no conversion of the 
ester to free vitamin in solutions similarly treated but without the 
enzyme powders. ‘These results indicate that the enzyme activity 
is associated with the water-soluble protein fraction of the original 
yeast powder. Inasmuch as quantitative hydrolysis of phos- 
phorylated thiamine did not occur in the artificial systems set up 
to test the enzyme powders, we have continued to use the active 
whole yeast preparation as the source of the phosphatase. 
Application of Yeast Phosphatase to Determination of Total 
Thiamine Content in Biological Materials and to Estimation of 
Amount in Phosphorylated Forms —In Table IV we have presented 
some of our studies in which yeast phosphatase was used to con- 
vert all of the vitamin B, present to free thiamine. By difference 
between the thiamine values, obtained before and after hydrolysis, 
the concentration of the vitamin in the phosphorylated form was 
determined. Samples A and B were found to contain soluble 
protein. Incubation of aqueous suspensions of these yeast pow- 
ders under optimal conditions for a period of 24 hours resulted in 
constant yields of free thiamine, which approximated the values 
obtained by biological assay. Sample C was found to contain 
no soluble protein and was unable to hydrolyze the phosphorylated 
vitamin present. However, the incubation of either yeast powder 
Sample A or B with an aqueous suspension of Sample C resulted in 
hydrolysis of its esterified vitamin.’ In similar fashion the phos- 
phorylated thiamine present in Samples D, G, and L was converted 
to free thiamine. Analysis of Sample M, an 80 per cent methanol 
extract of Sample B, indicates that this solvent is capable of ex- 


* For this purpose 0.5 gm. of the active yeast powder was used. The 
thiamine content of Sample C was obtained by difference between the total 
thiamine recovered and that present in the yeast powder furnishing the 
enzyme. 


| 
| 537 
: 
) 


538 Vitamin B,. III 


Tasie 

A pplication of Yeast Phosphatase to Determination of Total Thiamine | 

Content of Biological Materials and to Estimation of Amount in | 
Phosphorylated Forms 


(Chemical assay values 


Sam- Phos- Biological assay 
ple* Description of preparation " phory- | Total valuet 
ree =" 
lated thia- | 
thia- mine 
mine 
micro- micro- micro- 
grams grams grams micrograms per gm. 
per gm. per gm. per gm. 
_ Hot air-dried yeast powder 40 = =130 170 169 
C Dried yeast powder, freefrom 45 39 4 About 120 
soluble protein | 
D Protein-free, artificially 30 | 43 73 | 59t 
sweetened, concentrated | | 
aqueous extract of yeast | | | 
G Protein-free, aqueous extract 3.9| 11.6 15.5) 17.4 | 


of yeast powder with CHC1, 
as preservative | 
L | Protein-free, aqueousextract 45 | 34 79 + About 120 
of yeast powder$§ | | 

M | Protein-free, aqueous solution 38 | 126 | 164 | 180 
prepared from initial 80°; | | 

CH;OH extract of yeast | | 


powder$ | 
I | Protein-free, aqueous concen- 203 42 | 245 | 259 
trate of rice polish | 
J | Wheat germ powder 27.5, 3.5) 31 | 18-58 | 
y’ | Protein-free, aqueousextract 27.5 3 30.5 18-538 


of powdered wheat germ$§ 


* The same preparations as are described in Paper II (2). 

t The biological assay values were converted into micrograms of thi- 
amine chloride, assuming that 3 micrograms of thiamine chloride are equal 
to 1 international unit. 

t This value was not obtained by any of the special assays conducted as 
part of this study but was that indicated on the label of the preparation. 

§ The values obtained with each of these solutions are expressed in terms 
of micrograms of thiamine chloride per gm. of original dry material. | 

| Biological assays reported in the literature (17) indicate values ranging 
from 18 to 58 micrograms of thiamine chloride per gm. of wheat germ. 
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tracting quantitatively both forms of thiamine from biological 
materials.’ Incubation of extracts of rice polish (Sample I) or of 
wheat germ (Sample J’) with the active whole yeast powder 
results in recoveries of additional amounts of thiamine. Although 
accurate analyses were obtained by the addition of whole wheat 
germ (Sample J) to the aqueous yeast suspension, this may not be 
possible under the above conditions of experimentation when 
assays of foods containing intact cells are attempted. In such 
tests contact between enzyme and substrate would be limited by 
the rate of diffusion of the phosphorylated vitamin through the cell 
wall. For such assays it seems preferable to add the active yeast 
powder to extracts of the material to be tested. 

Yeast is the best known source of the coenzyme, cocarboxylase, 
and analyses indicate that as much as 75 per cent of the total 
thiamine may be present in the phosphorylated form. More of 
the vitamin may have been originally present as these esters, 
since the ratio of phosphorylated to free thiamine in the final 
product will be dependent on the extent to which the conditions 
of preparation favor phosphatase activity. 


SUMMARY 


By the chemical method, based upon the reaction between 
thiamine and diazotized p-aminoacetophenone, it is not possible 
to determine either of the phosphorylated thiamines (cocar- 
boxylase or the monophosphate), until they are hydrolyzed to the 
free vitamin. In yeast preparations this is accomplished by 
the action of a phosphatase which is liberated from the cell during 
the drying of the yeast. The optimal conditions for the enzymic 
hydrolysis were determined. The enzyme activity was found to 
be associated with a water-soluble protein fraction in the yeast 
preparation. The incubation of an active yeast powder with a 
number of thiamine concentrates, such as extracts of yeast, rice 
polish, and wheat germ, results in a quantitative conversion of 


* This finding is confirmed by the rat growth data obtained by Dr. 
Harold Levine of the Premier-Pabst Corporation, Milwaukee, demonstrat- 
ing that all of the thiamine is removed quantitatively from dried yeast 
powder by a procedure of extraction with 80 per cent methanol as well 
as by an aqueous extraction method similar to those used in the present 
studies. 
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all the vitamin present into the free form which may be deter- 
mined chemically. By difference between thiamine values, 
obtained before and after hydrolysis, the concentration of the 
phosphorylated vitamin may be estimated. Dried yeast may 
contain as much as 75 per cent of its thiamine in the esterified 
form, while in rice polish and wheat germ the major portion exists 
as the free vitamin. 


We are indebted to the Directors of the Research Laboratories 
of The Upjohn Company, Kalamazoo, the Premier-Pabst Cor- 
poration, Milwaukee, and Burroughs Wellcome and Company, 
Tuckahoe, for conducting a number of special biological assays : 
of preparations used in the present study. | 
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CELL-FREE LIVER EXTRACTS. II 


By GUNNAR AGREN, EINAR HAMMARSTEN, anv 


KARL GUSTAF ROSDAHL 
(From the Biochemical Department of the Caroline Institute, Stockholm, 
Sweden) 


(Received for publication, July 26, 1938) 


The possibility of preparing a cell-free liver extract having 
constant and reproducible properties with respect to the ‘‘dis- 
appearance’ of amino nitrogen (1) has been further investigated. 
Our results, obtained with homogeneous cell extracts, can of course 
not be considered applicable to reactions in living cells, in which 
velocities are largely determined by heterogeneous conditions. 
The isolation of physiologically linked units in the chains of cell 
reactions is necessarily a difficult undertaking. ‘The fact, how- 
ever, that the reaction which we have called “disappearance of 
amino nitrogen’’ occurs consistently under various conditions 
seems to form a promising basis for its closer investigation. 


Methods 


Method I, described in our first paper (1), is reproducible but 
not suitable for further purification. Other methods, investigated 
in continuation of our studies, showed a marked tendency to 
yield extracts extremely low in amino nitrogen. This was caused 
by the acceleration of the disappearance of amino nitrogen when 
the solutions were heated. We shall refer to the disappearance 
reaction as the D value, D activity, or D reaction. D is always 
given as the percentage of the preceding value, the time and tem- 
perature being indicated. The concentration corresponds to 50 
gm. of solids in 100 gm. of solution after the original pH level of 5 
had been adjusted to 7.4, which was maintained during all experi- 
ments. This was the standard solution. All D values are cor- 
rected for the small dilutions incident to maintenance of this pH. 
541 


| 
| 
| | 
| 
| 
| 


542 Disappearance of Amino N 


The D reaction in fresh standard solution was generally about 10 
(sometimes rising to about 20), as determined at 40° in 24 hours 
(Dio). Dialysates from the standard solution, which were evap- 
orated at 14°, gave considerably higher values. 

In almost all experiments any proteolytic activity was deter- 
mined by the methods of Linderstrém-Lang and Holter (2); the 
substrates were casein (pH 3.8 and 7.8), alanylglycine (pH 7.4), 
and chloroacetyltyrosine (pH 7.4). 

In several preparations an active, comparatively stable, dry | 
powder was obtained. A 25 kilo quantity of fresh beef liver was | 
freed from superficial fat, carefully ground, mixed with half its | 
weight of water, and adjusted to pH 5 by the gradual addition of 
60 per cent sulfuric acid with efficient stirring during 1.5 hours, | 
the pH being measured with the glass electrode. Acetone was 
added to make a final amount of 5 liters in 10 liters of the whole 
mixture. This was stirred for 24 hours at room temperature, and 
the acetone (about half of which usually evaporated during the 
extraction) made up to the original concentration. The solids 
were then removed (1) and the clear solution evaporated at 16° 
to 5 liters. An equal volume of acetone was added in portions 
with violent shaking, the mixture was held at 2° avernight, and 
the flocculent, somewhat oily precipitate was filtered off at the 
same temperature. The clear filtrate was evaporated at 16° to 
1 liter, and held overnight at —15°-16°; a yellow voluminous 
precipitate was removed by rapid centrifugation, and tricresol was 
added (1). In early experiments this solution was stored at — 20° 
in small bottles; later, in order to avoid the danger of acid fermen- 
tation and of a D reaction which probably occurred during un- 
avoidable warming to room temperature, the solutions were freed 
from water by repeatedly pouring 200 cc. portions into 1 liter 
quantities of 2:1 absolute alcohol-ether. The oily precipitates 
were converted to semisolid form by repeated energetic agitation 
with more alcohol-ether. This procedure took 15 minutes for each 
portion and was completed by washing with petroleum ether and | 
evaporation of a thin layer in a vacuum desiccator over phosphorus | 
pentoxide, the desiccating agent being renewed twice daily. De- | 
terminations of the dry weight (Pregl) of the porous product | 
showed a loss of 1.08 per cent after 24 hours and 0.05 per cent 
after 1 week. This preparation dissolved readily in water and 
displayed marked buffering power. 
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Two such preparations (from 50 kilos of liver in all) were united; 
the Dio value remained fairly constant during 3 months. 


EXPERIMENTAL 


The dry preparation, which contained about 60 per cent of 
glucose, Was made up to a 30 to 40 per cent solution of pH 5. 
This was decolorized by two filtrations through a 2 em. layer of 
activated carbon, which adsorbed about 2 per cent of the dry 
weight. The D{j value was not markedly affected (D = 8.4). 
The color reappeared after 48 hours at pH 7.4 and 40°. In Table I 
is presented a comparison of this filtrate, a 20 per cent glucose 
solution, both of which were held at pH 7.4 and 40° during 48 
hours, and a newly prepared standard solution. 


TABLE I 


Extinction Coefficients of Yellow Color Appearing after 48 Hours at 40° 


Wave-lengths Filtrate Glucose solution Standard solution 
A. | 
4300 0.62 0.81 | 0.66 
4700 0.34 0.50 | 0.38 
5000 0.18 0.22 | 0.21 
5300 0.08 0.12 | 0.12 


5700 0.06 0.05 | 0.05 

No flavins were present in the standard, as was demonstrated 
by the absence of lumiflavin after irradiation with ultraviolet 
light from a high pressure mercury lamp for 2 hours at 10 cm. 
distance. The standard solution contained no bile pigments, 
but bile acids, a small amount of urea, 1.25 mg. of ammonia per 
ec., and 20.2 mg. of total nitrogen per cc. were present. Arnold’s 
reaction (by saturation with ammonium sulfate) was strongly 
positive. The standard solution always gave a very faint opales- 
cence on addition of 10 per cent of trichloroacetic acid or sulfo- 
salicylic acid; such mixtures showed a faint precipitation after 24 
hours. The dialysates never showed more than a barely appre- 
ciable opalescence on treatment with these reagents. 

A standard solution and its dialysate were hydrolyzed by heat- 
ing at 100° with hydrochloric acid (20 gm. per 100 ec. of solution 
in an evacuated tube). In Table II are shown the results of one 
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such experiment, in the interpretation of which due allowance 
must be made for the presence of large amounts of sugar. Loss 
of nitrogen occurred by adsorption on the large amounts of humin 
formed during hydrolysis. In the standard solution the amino 
nitrogen value was not altered by hydrolysis, but increased in the 
dialysate. A discussion is deferred for the present. The per- 
centage ratios of amino nitrogen to total nitrogen before hydrolysis 
were 48.4 and 20.5 in the dialyzable and non-dialyzable fractions 
respectively. This demonstrates the presence of a very small 
amount of a non-dialyzing nitrogenous substance and agrees with 
the comparatively higher increase of amino nitrogen after hydrol- 
ysis of the non-dialyzable part (50 per cent) compared to the dialyz- 
able part (40 per cent). 


TaBLe II 
Nitrogen Distribution in Standard and Dialyzed Solutions after Dialysis 
through Collodion Membranes Accelerated by 0.2 Atmosphere 
Pressure during 24 Hours | 


The values are given in mg. per ce. 


Total N Total N Amino N |} Amino N 
Sample before hy-| after hy- | before hy- | after hy- 
drolysis drolysis drolysis drolysis 
Standard solution.................| 18.13 | 15.30 | 11.9 11.3 
Dialyzed 18.0 10.3 14.5 
Non-dialyzable solution......._.. 0.28 0.12 0.058 0.088 


The solution and dialysate were hydrolyzed 20 hours. 


The question of the presence of real proteins, specific or inert, 
in the standard solution is, however, not satisfactorily answered 
by the above experiments. In accordance with prevailing views 
of a “‘synthesis” involving amino acids a separation from the sub- 
strate of enzymes which might have been present was continued 
by means of dialysis. The working hypothesis involved the possi- 
bility of inactivating the D reaction if the enzymes were non- 
dialyzable under various conditions. Collodion tubes prepared 
according to Sérensen’s technique were employed and rapid dial- 
ysis was secured by the use of stirring and air pressure of 0.2 to 
0.25 atmosphere. After dialysis of 800 ce. of standard solution 
for 24 hours the inside solution, when concentrated to 85 cc., 
contained 0.088 mg. of amino nitrogen per ec., whereas the outside 
solution, after concentration to 375 ec., contained 12.58 mg. of 
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amino nitrogen per ce. In Table III is shown an unusually high 
D reaction. In this experiment a loss of 2.1 per cent of total 
nitrogen occurred, the whole of this being found as ammonia. 
This was the only case in which the formation of ammonia was 
encountered; in other instances no ammonia escaped even at 100° 
and pH 7.4. ‘Table III also demonstrates the readily reproducible 
inhibiting influence of the inside solutions on the D reaction. 
Repeated experiments with dialysis have always indicated that 
all but a small fraction of the solids in the standard solution are 
dialyzable. After a D reaction both standard solution and dialy- 
sate consistently yielded bulky precipitates on saturation with 
ammonium sulfate and on treatment with trichloroacetic or sulfo- 
salicylic acid. ‘These precipitates were especially pronounced 


III 


Inhibiting Effect of Non-Dialyzable Fraction on Dy Reaction of Dialyzed 
Standard Solution 


Sample Time Total N | Amino reaction 
Ars. ‘mg. per cc.|mg. per cc. mg. per cc. 
Concentrated dialyzed solu- 0 | 19.76 | 11.25 | 
tion 19.5 19.31 | 2.70 |Dii*=76 | 0.41 


Yialyzed solution mixed 0O | 17.86 | 8.21 | | 
with concentrated non- 24 17.78 | 5.70 Dj} =30.6 0 
dialyzable solution | | 


— 


after the D reactions had occurred in dialysates. As stated 
above, the Dj¢ reaction consistently occurs, even after 3 months 
of storage; this was not the case with older preparations. Al- 
though little can be said about the products formed in the fresh 
or in the older preparations, it is certain that even in those experi- 
ments in which no precipitates were produced, only a part of the 
products formed by the D reactions is dialyzable. 

In Table LV is reported an experiment in which an old standard 
solution was dialyzed by means of suction through a very thin 
cellulose acetate membrane. This membrane had been applied 
to the outside of an alundum cylinder! in the form of a solution 
in glacial acetic acid. The coated cylinder was immersed in the 


‘The authors are deeply indebted to Dr. A. Tiselius for the alundum 
cylinder and the cellulose acetate solution. 
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solution and, when the velocity of dialysis decreased, the solution 
was diluted to its original volume with water; this dilution was 
repeated eight times. The entire dialysate was heated to 40° and 
again dialyzed. All the amino nitrogen remaining after the Di} 
reaction passed through the membrane, whereas 12.5 per cent 
of the total nitrogen had been rendered non-dialyzable. 

In order to decide whether the D reaction was influenced by 
anaerobic conditions, a standard solution was freed from air by 
expiration of nitrogen for 1 hour, and all precautions were sub- 


TABLE IV 


Formation of Non-Dialyzable, Nitrogen-Containing Substance by Dy Reaction 
in Dialyzed Solution 


The Vv alues are given in mg. per cc. 


— 


Directly 
| 
determi- 
Sample i Total N | after hy- 
First dialysate. . | 14.15 | 6.89 | 9.50 
Same after D (Dio = 
TABLE V 


Dy Reaction 1 in Standard Solution under Anaerobic Conditions 


Standard solution | Time _ DiS reaction Amino N Total N 

In nitrogen | 0) | | 6.80 20 . 60 

In air | 0 | 20. 60 


sequently taken to exclude oxygen. The results of this experi- 
ment, together with those of a control in which air was employed, 
are shown in Table V. No loss of ammonia occurred. ‘The most 
conspicuous result is the slightly higher D reaction observed in 
the absence of oxygen. This result is not in accordance with the 
findings of Voegtlin et al. (3) which, however, were obtained in the 
presence of liver cells. We wish merely to state that the velocity 
of the D reaction under the conditions of our experiment seems to be 
independent of the presence of oxygen. 

An outstanding feature, briefly mentioned in an earlier paper 
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(1), is the influence of temperature on the rate of the D reaction. 
The stability of the D reaction at 100° was tested by heating a 
series of standard solutions in a water bath for periods of 2 to 60 
minutes. The results are shown in Table VI. In order to ob- 
tain a rapid increase in temperature small volumes of solution 
were used and the heating was initiated over an open flame (43 
seconds to reach 100°). During the heating the volumes were 
held constant and there was no loss of ammonia. Amino nitro- 
gen was determined immediately after the heating, and the solu- 
tions were then kept at 40° for longer periods. The solution be- 
fore heating contained 8.36 mg. of amino nitrogen per ce. D 
reactions displayed little difference after 30 and 60 minutes boiling 
time respectively, and tended to reach a limiting value. This 
effect is obviously due to the inhibition of some process concerned 


TABLE VI 


Stability of Dg Reactions in Standard Solutions Heated at 100° for 
Varying Times 


Boiling period 


22min. 4min. | 6min.! 8 min. 30 min.| 60 min. 


D_ reaction immediately after | | 
| | 22. 
Dw reaction after 24 hrs......... Se 4 oe | 23 25 | 0 0 


in the D reaction. According to the D4 reactions, this inhibition 
is practically complete after 30 minutes boiling. However, the 
thermostability of the D reaction is surprisingly high, for only a 
small loss of activity occurred after 8 minutes of boiling. 

In a second series the standard solutions were heated for 30 
minutes at temperatures between 40° and 100° and thereafter held 
at 40°. The first line in Table VII indicates that inhibition is 
almost complete after 30 minutes at 100°, as is also indicated in 
Table VI. On the other hand, little or no inhibition occurred dur- 
ing 30 minutes at 80°. 

Potassium cyanide in a 0.01 N concentration increases the rate 
of the D reaction, as is shown in Table VIII, which likewise demon- 
strates the influence of hydrogen ion concentration. The com- 
plete inhibition of the D reaction at pH 5 was relieved by the 
presence of cyanide and a marked stimulating effect of the reac- 
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tion at pH 7.4 observed. This effect is particularly noticeable 
with the dialysate. In most experiments the Dy reaction was 
followed during several days and pursued a linear course for about 
72 hours, generally ceasing when the amino nitrogen values had 
fallen to a level of about 2 mg. per ee. The addition of 0.01 N 
KCN at pH 7.4 to “exhausted” solutions which had shown no 
change in amino nitrogen during 48 hours at 40° always brought 
about a Di reaction of about 10. We consider that this phenom- 
enon demonstrates a reactivation by cyanide in concordance with 
the stimulating effect shown in Table VIII. 


TaBLe VII 


Stability of De Reactions in Standard Solutions Heated at Different 
Temperatures for 30 Minutes 


Heating temperatures 


40° | 100° 
D_ reaction immediately after heating period.. 
Dw 17 | 15 15 2 


TABLE VIII 
Stimulating Effect of KCN (0.01 N) on pH Stability of D Reaction 


24 
D,,, reaction 


| pH 5 pH7 8 


At pH 7 iodoacetic acid, 2 per cent sodium fluoride, 0.008 N 
cupric chloride, and H.S (to saturation) exercised no inhibitory 
influence. The D activity was not influenced by adsorption with 
carbon. Precipitation with lead acetate at pH 7.4 removed about 
10 per cent of the solids; the Dj activity in the lead-free filtrate 
varied from 0 to 9 in four experiments. Extensive attempts to 
differentiate the system by extraction with mixtures of acetone, 
ethyl alcohol, and propylene glycol have as yet led only to inac- 
tivation or to the production of fractions which occasionally dis- 
played a “reactivation”? when reunited. Attempts will be made 
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to remove the bulk of the sugar by electrophoresis. Standard 
solutions and dialysates gave a strong Arnold reaction, but it has 
not been found possible to relate this to the D reactions. In very 
few cases was a proteolytic activity found. The system con- 
cerned with the D reactions can be prepared in various ways, all 
of which lead to preparations containing blood-generating activity 
and others active towards pernicious anemia. This phase of the 
subject will be further explored. 


DISCUSSION 


The system concerned with the disappearance of amino nitrogen 
has been further purified. Considering the state of impurity, the 
reaction proceeds fairly accurately as a first order reaction. From 
dry material an active colorless solution can be prepared by means 
of adsorption on carbon. 

The factors participating in the reaction can be dialyzed through 
membranes known to be impermeable to molecules greater than 
10,000. It seems unlikely that a reversibly acting enzyme of 
high molecular weight is involved. The heat stability of the 
reaction is markedly higher than that of many proteolytic en- 
zymes, the presence of which has not consistently been detected 
in our preparations. The presence of other types of intracellular 
enzymes is not excluded. Of these very little is known. The 
milieu might effect an even more determining influence than has 
been proved. We are not in the position to relate our results 
with those of Bergmann (4-6) with proteolytic enzymes. The re- 
action reported in this paper might belong to the group commonly 
termed catalyzed processes. The fact that the active system is 
dialyzable does not necessarily preclude the presence of active 
enzymes. The unusually high heat stability is to be regarded 
merely as an observation and not as a conclusive disproof of the 
enzymatic character of the reaction. Discussion of the stimulat- 
ing effect of cyanide must be deferred until our system has been 
further purified. 


The work has been supported by grants from the Rockefeller 
Foundation and the Foundation Therese och Johan Anderssons 
Minne. 
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The cataphoresis apparatus described here was designed to pro- 
vide a cheap apparatus capable of almost quantitative separations 
of proteins with isoelectric points quite close together (serum 
albumin and globulin) and giving large yields of purified end- 
products with little dilution. It has proved of value in two sepa- 
rations and would seem to be applicable to a wide number of prob- 
lems. Sulfhemoglobin and oxyhemoglobin together have been 
separated from the colloidal reaction mixture in which the former 
is made, and serum albumin has been separated from 2.00 ce. 
samples of plasma. 

The apparatus (Fig. 1) consists of a straight, water-jacketed 
glass tube with reservoirs at top and bottom to insure adequate 
buffering against changes in pH arising at the Ag-AgCl electrodes 
(1). The straight tube has the advantage over a U-tube that all 
portions of the solution placed in it migrate in the same straight 
line, none being on the inside track of a curve.! 

The use of ground glass wool* as a filler minimizes convection 
currents and provides a means of layering the sample and of 


1A simple push-pull amplifier, made from inexpensive radio material 
at a cost of less than $25 including meter, gave 200 milliamperes at 750 volts 
very satisfactorily. With the dimensions of the apparatus as given, how- 
ever, heating sufficient to distort the boundaries is apt to occur with cur- 
rents over 100 milliamperes. 

? Ground glass wool was prepared by grinding glass wool (Merck) with 
relatively small amounts of clean sand and water, separating the product 
by stirring in large beakers with water, and decanting so as to obtain 
fairly homogeneous particles settling within about 10 seconds in a liter 
beaker. Matting is avoided by drying with alcohol and ether at room tem- 
perature in a thin laver and grinding lightly in a mortar before use. 
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collecting the material which has migrated a certain distance with- 
out disturbing the remaining solution. Good layering is aided by 
adding starch or sucrose to the buffer in the lower buffer reservoir. 


700 VOLTS 


WATER 


BUFFER-€ 
SATURATED 
KC} 


‘ 


BUFFER-FILLER. 


WATER 


- SAMPLE WITH 
FILLER. 


STARCH-BUFFER: 

350 MM. FILLER. 
DIAMETER OF RUBBER 
OUTER TUBE- STOPPER 

30 ~GLASS WOOL 
DIAMETER OF S-STARCH- BUFFER 
INNER TUBE - == 

IS MM. 


Fic. 1. Cataphoresis apparatus 


Operation 

The lower reservoir is filled with buffer and the water-jacketed 
tube inserted; the cooling water is turned on; a plug of cotton 1s 
rammed down to the bottom of the tube; and filler is dropped in 
to give a section a few em. in length; the tube is tapped and the 
filler tamped down. The sample is inserted, followed by filler 
until only a trace of sample remains above it. Any air bubbles are 
removed by tapping. Buffer and filler are added and tapped and 
tamped down every few cm. until the desired height is reached. 
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The remainder of the tube and the top reservoir are filled with buf- 
fer, the electrode inserted, and the current turned on. 

As the cataphoresis progresses, the electrodes must be exchanged 
occasionally to avoid exhausting the AgCl coating. Samples may 
be withdrawn and the buffer above the filler renewed as often as 
necessary. | 


Results 


Several mixtures prepared from 20 per cent hemoglobin solu- 
tion by the addition of H2S and HO, followed by dialysis were 
subjected to cataphoresis at pH 8.0 for 5 to 6 hours. The total 
pigment recovered was at most 70 per cent of the amount in the 
sample, was free of non-sulfhemoglobin sulfur, and was a mixture 
of oxyhemoglobin and sulfhemoglobin, both components having 
the same rate of migration (2). 

Three 2.00 cc. samples of oxalated human plasma at pH 8.0 
were subjected to cataphoresis between 6 and 12 hours at constant 
voltages between 200 and 500 volts. The volume of the sample 
removed was 4.00 to 5.00 ce., a dilution of about 2-fold. 


Albumin-globulin 


Experiment Duration Albumin recovered ratio of product 
hrs. per cent 
A 6 43 
B 6 66 IS:] 
1 93 
SUMMARY 


A simple cataphoresis apparatus is deseribed, capable of sub- 
jecting small (and presumably, with slight change in design, large) 
samples of protein solution to quantitative cataphoresis, with good 
separation on the basis of rate of migration, easy removal of sam- 
ples, and only slight dilution. 

The application of the apparatus to the separation of sulfhemo- 
globin-oxyhemoglobin mixtures and of serum albumin is described. 
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STUDIES ON OCTOPINE 
I. THE SYNTHESIS AND TITRATION CURVE OF OCTOPINE* 


By J. LOGAN IRVIN anv D. WRIGHT WILSON 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, November 5, 1938) 


In 1934 Moore and Wilson (9, 10) reported the isolation from 
scallop muscle of a crystalline material which was proved to be 
octopine, a compound previously isolated by Morizawa from 
octopus muscle (11). The structure was studied by Moore and 
Wilson, who concluded that octopine is arginine, the a-amino 
group of which is attached to the a-carbon atom of propionic acid. 
It may be given the name N?-(1-carboxyethy!) arginine. Akasi 
(2) arrived at the same conclusion regarding the structure of 


CH; COOH 
HC-—-NH—CH 
| 
COOH CH, 
| 


CH, NH 
| 


octopine and was the first to synthesize it. He also determined 
its optical configuration. The partially inactive compound was 
independently synthesized by ourselves (8). Ackermann and 


* This and the following two papers are taken from the thesis presented 
by J. Logan Irvin to the Faculty of the Graduate School of the University 
of Pennsylvania in 1938 in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy. 

Preliminary reports of this work have been presented in the Proceedings 
of the Society for Experimental Biology and Medicine, April, 1937 (8), and 
before the Physiological Society of Philadelphia, April 19, 1937, and the 
American Society of Biological Chemists at Baltimore, April 2, 1938 (7). 
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Mohr (1) have recently repeated Akasi’s synthesis. After we 
had seen the papers of Akasi, we decided to repeat our synthesis, 
using a lower temperature to diminish racemization and em- 
ploying his method of separating the natural isomer from the 
unnatural enantiomorph by means of the difference in the solu- 
bility of the picrates. Our synthesis is described in this paper. 

The titration curve of octopine has been determined with a 
glass electrode. This curve furnishes additional evidence for the 
two acidic and two basic groups of octopine. 


EXPERIMENTAL 


Synthesis of Octopine—In our first paper (8) the synthesis of a 
partially optically inactive octopine was described. As data for 
the complete elementary analysis of the compound and its picrate 
were not given in that paper, they are presented below. 


Calculated. C 43.92, H N 22.76 


Found. “43.87 “7.04, 22.49 
CeH3N 307. Calculated. C 37 .88, H 4.45, N 20.63 


Our final method of synthesis was as follows: A reaction solu- 
tion containing 2.0 gm. of d-arginine methyl ester dihydrochloride, 
1.4 gm. of dl-a-bromopropionic acid ethyl ester, 2 equivalents of 
sodium ethylate, and a small amount of potassium iodide in 10 
ec. of absolute ethyl alcohol was refluxed at 80°. Another equiva- 
lent of sodium ethylate was added in small portions at hourly 
intervals during the early part of the period of reaction which 
was continued for 12 hours. The solution was then made acid 
with sulfuric acid, and after the removal of iodide, chloride, and 
bromide with silver sulfate, the filtrate was heated gently on the 
water bath for 1 hour in order to hydrolyze the esters. Analysis 
of a sample of this solution indicated a 92 per cent decrease in 
amino nitrogen, as determined by the Van Slyke method. An 
analysis for guanidine groups by the Sakaguchi method as previ- 
ously employed (10) showed about 117 per cent of the value 
expected from the amount of arginine used in the reaction. Since 
octopine does not contain a free amino group and gives with the 
Sakaguchi analysis a value 20 per cent higher than that given by 
an equivalent of arginine, these analyses indicated a fairly com- 
plete synthesis of octopine. | 
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The solution was then treated with silver nitrate and barium 
hydroxide for the precipitation of octopine and unchanged argi- 
nine. The silver-baryta precipitate was decomposed in the usual 
manner. ‘The solution was made very faintly acid to Congo red 
with sulfuric acid and was treated at the boiling point with 0.22 
gm. of flavianie acid. After standing overnight a small amount 
of the typical plates of arginine flavianate settled to the bottom 
of the beaker. The flavianate was removed by filtration. 

After extraction of the excess flavianie acid from the filtrate 
in the usual manner, the solution was freed of sulfate and evapor- 
ated under reduced pressure to a small volume. By the addition 
of a saturated solution of picrie acid, small clustered needles re- 
sembling octopine picrate separated from the solution. A yield 
of 1.39 gm. of picrate was obtained; this was 76.6 per cent of the 
theoretical for one isomer, based on the amount of arginine methyl 
ester dihydrochloride used in the reaction. The filtrate contained 
the picrate of the unnatural enantiomorph of octopine. After 
several recrystallizations of the picrate of the natural isomer, the 
material melted with decomposition at 226°.'. A mixture with a 
known sample of octopine picrate showed no depression. The 
picrate of the synthetic compound when analyzed by our Saka- 
guchi procedure gave 97 per cent of the expected value when 
octopine was used as a standard. The color given by the picrate 
with these reagents was identical with the characteristic purple 
color given by octopine, thus differing from the orange-red tint pro- 
duced by arginine. The picrate contained no water of crystalliza- 
tion and no free amino nitrogen and gave the following analyses. 


Calculated. N 20.63, picric acid 48.2 
Found. 


Picric acid was determined by the method of Cope and Barab 
(4). 

The free synthetic compound was obtained by extraction of 
picric acid with ether from a solution of the picrate in 5 per cent 
sulfuric acid, removal of the sulfate quantitatively with barium 
hydroxide, evaporation of the solution under reduced pressure to 
a small volume, and addition of aleohol to a concentration of 80 
per cent. The free compound crystallized in small clustered 


1 All melting points are corrected in this and the following two papers. 
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needles identical in appearance with those of natural octopine. 
The synthetic material melted with decomposition at 265°, and 
a mixture with a sample of natural octopine gave no depression. 


CoHisN.O.y. Calculated, N 22.76; found, N 22.59 


Synthetic octopine gave a positive Liebermann nitrosamine 
reaction for secondary amines. It was neutral or very faintly 
acid in aqueous solution. The specific rotation in water was 
+19.6°, which agrees well with that of natural octopine. 

A picrolonate was formed by the addition of the calculated 
amount of picrolonic acid to a warm solution of the compound. 
It crystallized in small, clustered needles which, after recrystal- 
lization, melted at 236°. A mixture with the picrolonate of nat- 
ural octopine showed no depression. 

Determination of Titration Curve and Apparent Dissociation 
Constants of Octopine--Samples of octopine which had been re- 
crystallized four times and which gave satisfactory elementary 
analyses were used in the determination of the titration curve. 
The samples were dried to constant weight in a vacuum desiccator. 

The titration curve was determined by the use of a glass elec- 
trode with improved electron tube potentiometer designed by 
Stadie, O’Brien, and Laug (13). pH was calculated according 
to the following equation, 


E = — pH -e (1) 


in which E is the observed potential in volts, e is the cell constant, 
and the expression R7T'/NF is made up of the usual constants and 
has the value 0.059 at 25°. The cell constant was calculated 
by the use of Equation | with the values of the E.m.F. of several 
phosphate and borate buffers. 

Separate 10 cc. samples of octopine in 0.1 M solution were 
used for the determination of the curve in the acid and alkaline 
regions, the titrations being carried out by the use of a micro- 
burette graduated in 0.01 ec. with 0.56 Nn HCl and NaOH, respec- 
tively. These data are recorded in Tables I to III and in Fig. 1 
which also shows the curve of arginine (from Birch and Harris 
(3)) for comparison. Both curves have been corrected for the 
buffering effect of water. 7 
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The following equations were used in calculating values for the 
pK’ of the various groups: 
[Cl-] — (H*)/y 
— ({Cl-] — (H*)/y) 
[Na*] — (OH-)/y 
— ([Nat] — (OH-)/y) 


pK’ = pH + log (2) 


(3) 


pK’ = pH — log 


in which [C] is the total amino acid concentration, [Nat] and 
(Cl-] are the concentrations of sodium and chloride, in moles 
per liter, and (H*) and (OH) are the activities of the hydrogen 
and hydroxyl ions. These equations make allowance for the 
buffering effect of water. Each value for the activity coefficient 


1.5 
uJ 
4 
20 
> 
ol. 

“15 ] 


Fic. 1. Titration curves of octopine and arginine. The solid line repre- 
sents octopine; the broken line, arginine (from Birch and Harris (3)). 


(y), used in solving the above equations, was calculated on the 
basis of the total concentration of sodium (or chloride) present 
at the reading in question, and was assumed to be the same as 
for an equal concentration of NaOH or HCl in water alone. 
These values of y for NaOH and HCl were taken from the papers 
of Harned (5) and Noyes and MacInnes (12), respectively, and 
are recorded in Tables I to III. 

It may be seen from the curve for octopine (Fig. 1) that there 
is no plateau between the two groups represented by the acid 
portion of the curve (the carboxyl groups according to the zwitter 
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ion hypothesis). This indicates that the carboxyls are of the 
same or nearly equal strengths and necessitates a consideration 
of both possibilities in the calculation of the apparent dissociation 
constants of the groups. First, assuming that they were of the 
same strength, the pK’ was calculated from the data for the acid 
region of the curve. This pK’ was not sufficiently constant and 
showed a systematic variation. This was considered to be an 
indication that the groups were probably not of the same strength. 
Therefore, we next made the other possible assumption; 7.¢., that 


TABLE | 
Calculation of pK’ 4, of Octopine 


pH | | (total) | | | | pK’ 4, 
| ee | 
6.25 | | 0.1000 
3.74 | 0.095 0.0047 0.97 0.0002 0.0045 0.0991 2.41 
3.44 0.170 0.0083 0.94 0.0004 0.0079 0.0985 2.38 
3.36 0.204 0.0097 0.93 0.0005 0.0092 0.0979 2.38 
3.25 0.258 0.0125 0.93 0.0006 0.0119 0.0975. 2.39 
3.17 0.303 0.0147 0.92 0.0007 0.0140 0.0970 2.39 
3.08 0.358 0.0172 0.91 0.0009 0.0163 0.0965 2.39 
3.05 0.437 0.0209 0.90 0.0010 0.0199 0.0960 2.47 
2.87 0.535 0.0252 0.89 0.0015 0.0237 0.0952 2.39 
2.77 0.634 0.0297 0.88 0.0019 0.0276 0.0943 2.39 
2.69 0.732 0.0339 0.88 0.0023 0.0316 0.0934 2.40 
2.55 0.924 0.0420 0.87 0.0032 0.0388 0.0916 2.41 
2.44 1.150 2.40 (average) 
2.27 | 1.428 | 
2.10 1.794 


the carboxyls were of unequal but closely similar strengths. The 
dissociation constants of these groups were then calculated by a 
method similar to that of Hastings and Van Slyke (6). By this 
method, pK’,, was calculated from the data for the extreme upper 
portion of the acid range of the titration curve, assuming that 
this part was due entirely to the second carboxyl and was unaf- 
fected by the first. This assumption is more valid when the dif- 
ference between the strengths of the groups is great. ‘Therefore, 
the accuracy of the apparent dissociation constants calculated by 
this method depends both upon the validity of the assumption 
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just made and the accuracy of the pH determinations. The data 
for the calculation of pK‘,, are recorded in Table I. This 
value of pK’,, (2.40) was then used for the calculation of 
the amounts of HCI used in repressing the ionization of the 
second carboxyl of octopine in the region of the curve where 
the two acidic groups overlap in their effect. With the values of 
pH and [C] given in columns (a) and (g) of Table II, these quan- 


II 
Calculation of pK’, of Octopine 


pH Volume of [Cl-] (total) | (H*)/y¥ 
(a) (6) (c) (d) (e) 
cc. | | 

1.97 2.119 | 0.0869 | 0.84 | 0.0127 
1.92 ome: | 0.0146 
0.1015 (0.82 0.0202 
0.1114 (). 82 | 0.0233 
(0.1209 (0). 82 | 0.0286 
0.1291 | 0.82 | 0.0337 
1.45 4.037 0.1432 | 0.0438 
1.41 4.226 | 0.1479 | 0.81 | 0.0481 

| (9) | (A) | (i) | (i) 
0.0742 (0.0824 (0.0601 0.0141 1.28 
0.0772 0.0816 0.0614 0.0158 1.30 
0.0813 (0) .0796 0.0636 0.0177 1.26 
0.0881 0) .0776 0.0643 0.0238 1.37 
0.0923 0.0757 0.0643 (). 0280 1.40 
0.0954 0.0739 0.0645 0.0309 1.41 
(0.0994 0.0712 0.0642 0.0352 1.44 
().0998 0.0703 0639 0.0359 1.42 


.36 (average) 


tities of HCI for the second group were calculated from Equation 
2, being equal to the expression ({(Cl~] — (H*)/y)2. They are 
recorded in column (h) of Table II]. These values were then sub- 
tracted from the corresponding quantities of ({Cl~] — (H*)/y) 
determined from the total HCl added to the solution at a 
particular pH and recorded in column (f). The difference 1s 
((Cl-] — (H*)/y); (column (7)) which corresponds to the HCl 
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for the repression of the ionization of the first carboxyl at a par- 
ticular pH. These values with the corresponding ones for [C| and 
pH were used in calculating pK’,, (column (j)) with Equa- 
tion 2. 

Since this method of calculating the apparent dissociation 
constants of the two carboxyls involved an assumption that the 
extreme upper portion of the acid curve was due solely to the 
second group and was unaffected by the first, we have attempted 
to test the accuracy of the calculated constants. When two 
theoretical curves were drawn by the use of these constants and 
then combined, the combined curve agreed well with the experi- 


Taste III 
Calculation of pK’ of Octopine 


Volume |’ N 


(total) | 7 ic] | PEs, 
6.35 0.000 | | 0.100 
7.36 0.076 0.0038 0.95 2.48 X 10-7 0.0038 | 0.0993 8.76 
7.70 0.153 0.0076 0.94 5.36 X 10-7 0.0076 0.0985 8.78 
7.86 0.223 0.0109 0.92 7.92 X 10-7 0.0109 | 0.0978 | 8.76 
8.01 0.305 0.0148 | 0.90 1.15 X10-*| 0.0148 | 0.0970 8.75 
8.25 0.478 0.0229 | 0.88 2.05 X 10-*| 0.0229 | 0.0955 8.75 
8.59 0.824 0.0382 0.85 4.60 0.0382 0.0924 8.74 
8.92 1.178 0.0531 0.82 1.01 X 10-5 0.0531 | 0.0895 | 8.76 
9.06 1.315 0.0583 0.81 1.43 X 10-§ | 0.0583 | 0.0884 | 8.7 
9.27 1.498 0.0655 0.80 2.02 10-* 0.0655 0.0871 8.79 
9.60 1.620 0.0699 0.80 5.01 10-* 0.0698 0.0860 


0.0766 0.79 8.59 X 10-5 0.0765 0.0848 


mental acid curve. This indicates that, within the limits of the 
errors of the determinations, the constants seem to be reasonably 
accurate. 

The imino group of octopine has a pK’ of 8.76 as calculated 
from Equation 3 and recorded in Table I1I. This group is more 
weakly basic than the a-amino group of arginine (pK’ 9.09 accord- 
ing to Birch and Harris (3)). Because of the great difficulty 
involved in the precise measurement of pH in the very alkaline 
region, the pK’ for the guanidine group of octopine was not deter- 
mined accurately. However, it appears to be somewhat less than 
13 on the basis of the measurements attempted in that region. 
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We wish to thank Dr. W. C. Stadie for his advice and assistance 
in determining the titration curve of octopine. 


SUMMARY 


A synthesis of the natural isomer of octopine has been described. 

The titration curve of octopine has been determined and the 
apparent dissociation constants calculated. The pK values for 
the two carboxyls are 1.36 and 2.40; those for the two basic groups 
are 8.76 and somewhat less than 13. 
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STUDIES ON OCTOPINE 


Il. THE NITROGENOUS EXTRACTIVES OF SQUID AND 
OCTOPUS MUSCLE* 


By J. LOGAN IRVIN anpd D. WRIGHT WILSON 


(From the Department of Physiological Chemistry, School of Medicine, 
Universily of Pennsylvania, Philadelphia) 


(Received for publication, November 5, 1938) 


Creatine in vertebrates (8, 7) and arginine in invertebrates 
(19, 15) have been shown to be involved in muscle metabolism. 
However, besides arginine other guanidine compounds have been 
isolated from the muscle of certain invertebrates. CGuanidine 
and agmatine were found in extracts of the sponge, Geodia gygas 
(2). Ackermann (1) has obtained from the starfish asterubine, 
which he has identified as dimethylguanidotaurine. Kutscher, 
Ackermann, and collaborators (14, 16, 17) have isolated from the 
muscle of Arca nox arcaine, which was shown to be tetramethyl- 
ene diguanidine. Morizawa (21), working with Octopus octopodia, 
obtained no arginine but guanidine and a base which he called 
octopine. Henze (9) may have isolated the latter compound pre- 
viously from octopus. 

Octopine was isolated from scallop muscle in 1934 by Moore 
and Wilson (20). The structure was determined by them and 
has been confirmed by syntheses made by Akasi (4) and ourselves 
(12), working independently. Mayeda (18) has recently reported 
the isolation of octopine from the Japanese scallop, Pecten yesswn- 
sis. Most recently, Ackermann and Mohr (3) have obtained 
arginine, octopine, and agmatine from Eledone moschata. 

In the course of the present study, the extractives of the muscle 
of the squid, Loligo pealii, and of the octopus, Octopus vulgaris, 
have been investigated. We were chiefly interested in the guan- 
idine compounds in these extractives, but other fractions of the 


* A preliminary report of this work was presented before the American 
Society of Biological Chemists at Baltimore, April 2, 1938 (11). 
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octopus muscle extract were studied for comparison with the re- 
sults of investigations on the closely related species, Octopus oc- 
topodia, reported by Morizawa (21). 

EXPERIMENTAL 

Isolation of Arginine and Octopine from an Extract of Squid Mus- 
cle—-The squid, Loligo pealii, had been preserved on ice for several 
days after the date of capture. A 50 gm. sample of the hashed 
mantle and tentacle of the squid was extracted repeatedly with 
10 per cent trichloroacetic acid. After neutralization with sodium 
hydroxide, the solution was analyzed for guanidine bases by the 
Sakaguchi method as employed by Moore and Wilson (20) and for 
arginine by the arginase-urease procedure of Hunter and Dauph- 
inee (10). The analyses indicated 0.37 gm. of arginine per 100 gm. 
of muscle and 0.45 gm. of guanidine compounds by the Sakaguchi 
method calculated as arginine. The difference, 0.08 gm., indicated 
that octopine or some similar compound was present in addition to 
arginine, since octopine gives a color with the Sakaguchi reagents, 
but cannot be hydrolyzed and determined by arginase extracts 
prepared from hog liver. 

For the purpose of isolation, a 2500 gm. portion of the ground 
mantle and tentacle of the squid was extracted with warm water 
several times, and the combined extracts were freed of protein and 
glycogen with alcohol, and then fractioned as described by Moore 
and Wilson (20) for the isolation of arginine and octopine with the 
exception of the omission of the mercury precipitation. 16.1 gm. 
of arginine flavianate (5.7 gm. of arginine) and 1.5 gm. of octopine 
picrate (0.78 gm. of octopine) were obtained from the arginine 
fraction. 

The arginine flavianate was converted to the monohydrochlo- 
ride by the method of Cox (6). The product melted at 220° and 
a mixture with a known sample showed no depression. 98 per 
cent of the expected amount of ammonia was obtained by the ar- 
ginase-urease method. 


Calculated. N 26.59, NH.2-N 6.65 


The octopine picrate melted with decomposition at 226° and a 
mixture with a known sample gave no depression. ‘The picrate 
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did not contain water of crystallization and no amino nitrogen was 
found by the Van Slyke method. 


Calculated. N 20.63, picric acid 48.2 
Found. “O35, “ 48.1 


Free octopine was obtained by the usual method. ‘The material 
crystallized in small clustered needles identical in appearance with 
those of octopine. It melted with decomposition at 264°, and a 
mixture with a known sample showed no depression. The com- 
pound contained no water of crystallization. 


CyHisN.O,y. Calculated, N 22.76; found, N 22.51 


The copper nitrate salt was prepared according to the method 
of Akasi (4). It crystallized in the form of pale blue needles con- 
taining 2 molecules of water. After the removal of the water of 
crystallization, the compound was analyzed for copper. 


CyHisNsOy-Cu(NQOs3)2. Caleulated, Cu 14.66; found, Cu 14.52 


A hitherto undescribed copper compound of octopine was pre- 
pared as follows: An excess of an aqueous suspension of freshly 
precipitated copper hydroxide was added to a small amount of a 
concentrated solution of octopine. The mixture was heated for 10 
minutes and filtered while hot. The clear deep blue solution was 
evaporated to a thin syrup in a vacuum desiccator. On long 
standing in the cold, the copper salt of octopine crystallized in the 
form of small, light blue needles. The recrystallized material 
melted with decomposition at 223-227°. It was moderately sol- 
uble in water. After the removal of the 2 moles of water with 
which the compound crystallizes, it gave the following analyses. 


(CgHizNsO,4)2Cu. Caleulated. Cu 11.48, N 20.23, octopine 89.05 


Octopine was determined by the Sakaguchi method after removal 
of the copper. 

A nickel compound of octopine was prepared in a similar man- 
ner. ‘The compound did not melt below 290° and contained &7.1 
per cent octopine as determined by the Sakaguchi method. 

A reineckate of octopine was obtained by adding a slight excess 
of a cold saturated solution of Reinecke salt to 0.3 gm. of octopine 
dissolved in a small amount of 0.1 Nn HCl. The salt erystallized 


i | 

d 

h 

n 

Tr | 


568 Studies on Octopine. II 


in the form of pink plates which tended to form clusters. It was 
filtered on a microsuction funnel and washed with small portions 
of ice-cold 0.1 N HCl. A yield of 0.22 gm. was obtained. The 
reineckate of octopine is not precipitated in neutral solution and 
is much more soluble than that of arginine. ‘The salt was analyzed 
for octopine by the Sakaguchi method after removal of the Rein- 
ecke acid by extraction from an acid solution with a mixture of 
amyl aleohol and ether. An octopine standard solution was used 
for comparison. 


Calculated. Octopine 43.6 
Found. 43.1 


TABLE | 
Nitrogen Partition of Squid Muscle Extract 


N per 100 gm. muscle Total 
N in frac- 
Fraction ‘Arginine’ tion to total 
Amino N | Total N 
method 
gm, qm. gm. per cent 
Total extract 0.138 0 236 0.613 100 
0.001 0.031 5.1 
Histidine. 0.005 0.019 3.1 
Arginine filtrate 0.191 0.419 68.4 
“ (total) 0.130 0.030 0.125 | 20.4 
phosphotungstate pre- | 
cipitate........ ee 0.117 | 0.025 0.113 | 
Flavianate filtrate (octopine) 0.014 0.000 0.011 | 


Nitrogen Partition of Squid Muscle Extract—-250 gm. of mantle 
and tentacle from the squid were ground and extracted five times 
with 300 ce. portions of water warmed to 75°. Protein and glyco- 
gen were removed from the solution by the addition of alcohol. 
After repeated evaporation of the filtrate for the removal of al- 
cohol, the solution was freed of ammonia by boiling under reduced 
pressure after being made slightly alkaline with barium hydroxide. 
Then the solution was analyzed for total nitrogen by the Kjeldahl 
method, for amino nitrogen by the Van Slyke procedure, and for 
guanidine bases by the Sakaguchi method as used by Moore and 
Wilson (20). The results of these analyses are given in the first 
line of figures of Table I. The solution was then fractioned by the 
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Kossel and Kutscher procedure with silver sulfate and barium 
hydroxide. Four fractions were obtained: purine (pH 3), histidine 
(pH 7 to 7.2), arginine (pH 10), and arginine filtrate (the fraction 
not precipitated by silver and baryta). After removal of silver 
from each fraction with hydrogen sulfide, the solutions were 
analyzed for total and amino nitrogen. A Sakaguchi analysis 
was carried out on the arginine fraction. All results are recorded 
in Table I. The arginine fraction was precipitated with phospho- 
tungstic acid. After centrifuging and washing, the precipitate 
was decomposed with barium hydroxide in the usual manner, and 
barium was removed with sulfuric acid. Kjeldahl, Van Slyke 
amino nitrogen, and Sakaguchi analyses were made on the phos- 
photungstic acid fraction. Then the arginine in the solution was 
removed with flavianic acid. After extraction of the excess flavi- 
anic acid from the filtrate, the solution was analyzed as before. 
The results are recorded in Table I. In the last column are listed 
the percentages of total extractive nitrogen as divided among the 
various fractions. 

It can be seen that the arginine filtrate fraction contains the 
greatest percentage of the total extractive nitrogen, while the 
arginine fraction contains the next largest amount. The analyses 
indicate that the arginine fraction consists of one or more com- 
pounds in addition to arginine. As described above, octopine has 
been isolated from this fraction and its presence may explain the 
results. 

Nitrogenous Extractives of Octopus Muscle—The octopus mus- 
cle used in this work was from the arms of several animals sent to 
us from Bermuda by Dr. F. G. Wheeler. The muscle had been 
preserved in 95 per cent alcohol, but had not been weighed while 
fresh. The preserved muscle weighed 2575 gm., which was un- 
doubtedly less than the weight of the fresh tissue. The alcohol 
preservative was concentrated by vacuum distillation and the 
residue was added to the main extract. 

The isolation procedure is not given in great detail, since the 
methods have been described before. The hashed muscle was ex- 
tracted repeatedly with warm water, and, after concentration, 
protein was removed from the solution with tannic acid. Excess 
tannic acid was removed in the usual way, and the solution was 
treated with phosphotungstic acid. The filtrate from the phos- 
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photungstate was evaporated to a small volume after removal of 
phosphotungstic acid. On standing in the ice box overnight, 
taurine precipitated in the form of thick needles. The recrystal- 
lized compound contained sulfur and gave the following analyses. 


C.H:;NO;S. Calculated. N 25.63, NH»-N 25.63 


The acidified taurine filtrate was extracted repeatedly with ether. 
From the combined ether extracts a small amount of a zine salt was 
prepared. It gave a positive Uffelmann lactic acid reaction and 
was optically inactive in aqueous solution. 

The solution which had been extracted with ether was acidified 
with hydrochloric acid and boiled for 3 hours on a water bath. 
The solution gave a negative Jaffe reaction for creatinine. This 
experiment contrasts with that of Morizawa who reported the 
presence of creatinine in a muscle extract of Octopus octopodia 
treated in the manner just described. 

The phosphotungstic acid precipitate was decomposed with 
barium hydroxide in the usual manner. After the removal of 
excess barium, the solution was fractioned with silver nitrate and 
barium hydroxide according to the Kossel and Kutscher procedure. 
Four fractions were obtained: purine (pH 3), histidine (pH 7 to 
7.2), arginine (pH 10), and lysine (the fraction not precipitated 
by silver and baryta). The lysine fraction was freed of silver and 
barium and was reprecipitated with phosphotungstic acid. 


Purine Fraction 
Separation of the constituents of this fraction was accomplished 
by the method of Kriiger and Schittenhelm (13). <A picrate melt- 


ing with decomposition at 282° was obtained and identified as 
adenine picrate. 


C;HsN5-CesH3N;07. Calculated, N 30.77; found, N 30.56 


A sample of the compound gave a positive Kossel test after re- 
moval of picric acid with ether. 

Hypoxanthine was obtained as the nitrate which formed char- 
acteristic crystals with curved edges, the so called whetstone 
crystals. Some of the material was converted into the picrate 
which decomposed at 257° after recrystallization. 


CsH«N,O-CsH;N;07. Calculated, N 26.85; found, N 26.67 
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Arginine Fraction 


The details of the isolation of the constituents of this fraction 
are presented, since this was the fraction in which we were most 
interested. The silver precipitate was suspended in water, made 
acid with sulfuric acid, and decomposed with hydrogen sulfide. 
The silver sulfide was centrifuged and washed several times with 
equal volumes of water. The filtrate and washings were made 
faintly acid to Congo red with sulfuric acid and were treated with 
a concentrated solution of flavianic acid until precipitation was 
complete. The flavianate which separated on standing overnight 
had the typical plate-like form of arginine flavianate. The ar- 
ginine flavianate was converted to the monohydrochloride by the 
method of Cox (6). This salt melted at 222° with decomposition 
and a mixture with a known sample showed no depression. 98.5 
per cent of the expected amount of ammonia was obtained by the 
arginase-urease method. 


Calculated. N 26.59, NH.-N 6.65 
Found. ** 26.47, 


The flavianate filtrate was freed of flavianic acid by extraction 
with butyl alcohol-ether mixture after the addition of sulfuric acid 
to a concentration of 5 per cent. After removal of sulfate with 
barium hydroxide, the solution was evaporated in vacuo to a thin 
syrup, and alcohol was added to a concentration of 80 per cent. 
On standing overnight in the ice box, a white crystalline material 
separated out in the form of small clustered needles. After several 
recrystallizations, the compound melted at 264°, and a mixture 
with a known sample of octopine gave no depression. The spe- 
cific rotation of the compound in aqueous solution was +20.1°. 
The material was neutral to litmus and gave no free amino nitro- 
gen when analyzed by the Van Slyke method. 


CyH;sN.O,. Calculated, N 22.76; found, N 22.41 


With picric acid the compound formed yellow anhydrous needles 
melting with decomposition at 227°. The melting point of a mix- 
ture with octopine picrate was not depressed. 

CoHisN.Oy-CeHsN207. Calculated. N 20.63, picric acid 48.2 
The compound gave a theoretical analysis by the Sakaguchi 
method as used by Moore and Wilson (20). The color given 
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with the Sakaguchi reagents was the typical purple color given by 
octopine. Hog liver arginase preparations did not produce urea 
from the compound, and a positive Liebermann test for secondary 
amines was obtained. 

The picrolonate of the compound crystallized as burrs of small 
yellow needles. It melted with decomposition at 237°, and a mix- 
ture with a known sample of octopine picrolonate gave no depres- 
sion. All these data demonstrate that the compound was oc- 
topine. 

The filtrate from the precipitation of octopine with alcohol was 
then investigated. The remaining traces of octopine were pre- 
cipitated with mercuric sulfate and additional alcohol. The 
filtrate was freed of alcohol through evaporation in vacuo, of 
mercury by hydrogen sulfide, and of sulfate with barium hydrox- 
ide. The solution was analyzed by the Sakaguchi, the Van 
Slyke amino nitrogen, and the arginase methods. The Saka- 
guchi analyses indicated about 0.2 gm. of guanidine compounds, 
calculated as arginine, when an arginine standard was used. How- 
ever, the arginase determination indicated that arginine was 
almost completely absent. The Van Slyke amino nitrogen deter- 
mination, calculated as arginine for comparison with the Saka- 
guchi analysis, was about 0.13 gm. These analyses seemed to 
indicate the presence of one or more non-arginine compounds 
giving a positive Sakaguchi reaction. Some material containing 
free amino nitrogen was also present. Since Ackermann and 
Mohr (3) had obtained agmatine from the arginine fraction of an 
extract of Eledone moschata, we examined our extract for this 
compound. For this purpose we employed a procedure involving 
the formation of benzylidene agmatine. It was produced by the 
general method of Bergmann (5) for amino acids. The com- 
pound was then extracted with ether, decomposed by acid hydroly- 
sis, and agmatine was obtained finally as the picrate. The details 
of our procedure are given below. 

The solution (15 ec. volume) was treated with sodium hydroxide 
until a concentration of 5 per cent was reached. After cooling to 
0° in an ice bath, 1 cc. of benzaldehyde was added and the mixture 
was stirred mechanically for 12 hours. The alkaline solution was 
then extracted four times with 100 ec. portions of ether. The 
ether extract was acidified with dilute sulfuric acid, the ether was 
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evaporated under reduced pressure, and the solution was heated 
gently on the water bath for 1 hour in order to hydrolyze the 
benzylidene agmatine. After cooling, the solution was treated 
with phosphotungstic acid in 5 per cent sulfuric acid for the pre- 
cipitation of agmatine. The phosphotungstate was decomposed 
with barium hydroxide in the usual manner. An excess of a 
saturated solution of picric acid was added to the barium-free 
solution, and on standing in the ice box overnight, an orange- 
colored picrate crystallized in the form of leaves. After re- 
crystallization, the picrate melted with decomposition at 236° 
and a mixture with a known sample of agmatine picrate showed no 
depression. 


(CsH3N307).. Calculated. N 23.81, NH2-N 2.38, picric acid 77.88 
Found. 


Lysine Fraction 


From the lysine fraction betaine was isolated as the picrate’ 
After recrystallization, the picrate melted at 182° and gave the 
following analyses. 


CsHi:.NO2.-CsH3N;07. Calculated. N 16.19, picric acid 33.83 
Found. 


The picrate was converted to the hydrochloride which was in- 
soluble in absolute alcohol and melted at 182° after recrystalliza- 
tion. 

CsH:,NO,-HCl. Calculated, N 9.12; found, N 9.03 


SUMMARY 


1. Both arginine and octopine have been isolated from aqueous 
extracts of the mantle and tentacle muscle of the squid, Loligo 
pealiiz. Three new salts of octopine are described. 

2. The nitrogen partition of the extractives of squid muscle has 
been determined. 

3. Taurine, adenine, hypoxanthine, betaine, arginine, octopine, 
and agmatine were obtained from an extract of the tentacle muscle 
of the octopus, Octopus vulgaris. The isolation of these com- 
pounds is in agreement with the work of Morizawa and of Acker- 
mann and Mohr on related animals. 

4. A new method for the isolation of agmatine is reported. 
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STUDIES ON OCTOPINE 


III. THE PRECURSOR OF OCTOPINE IN AUTOLYZING 
SCALLOP MUSCLE* 


By J. LOGAN IRVIN anv D. WRIGHT WILSON 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, November 5, 1938) 


Moore and Wilson (3) found that muscle dissected from live 
scallops centained large amounts of arginine and only small 
amounts of octopine. On the other hand, they found that scallop 
muscle purchased from the market contained large amounts of 
octopine and little or no arginine. This apparent reciprocal 
relationship between the concentrations of arginine and octopine 
suggests that arginine may be the precursor of octopine. The 
results of a further investigation of the problem are presented in 
this paper. 

It was found that arginine, which, in fresh muscle dissected 
from live scallops, constituted about 84 per cent of the total 
guanidine bases analyzable by the Sakaguchi method, decreased 
to about 10 per cent of the total during autolysis of the muscle 
slices for 3 days at 0°. During this period the amount of octopine 
increased reciprocally. These results were obtained by analyses 
and were confirmed by isolations. 


EXPERIMENTAL 


The preparation of the material was carried out in a cold room 
as rapidly as possible. The adductor muscles of live scallops, 
Pecten magellanicus, were dissected out, and the tissue was divided 
into four portions of about 300 gm. each. Two portions of the 
tissue were sliced into pieces 2 or 3 mm. in thickness. Toluene 


* A preliminary report of this work was presented before the American 
Society of Biological Chemists at Baltimore, April 2, 1938 (2). 
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was added to one portion and omitted from the other. The 
remaining two were ground in a meat chopper and placed in 
separate flasks, toluene being added to one and omitted from the 
other. Approximately 50 gm. samples of the tissue from each 
autolyzing flask were removed immediately, weighed, ground, and 
extracted six times with 100 cc. portions of 10 per cent trichloro- 
acetic acid. The extracts were then neutralized with sodium 
hydroxide, made up to suitable volumes, and analyzed by the 
arginase-urease method of Hunter and Dauphinee (1) and by the 


TABLE I 

Formation of Octopine in Autolyzing Scallop Muscle 
The results (except those in Column 4) are expressed as gm. of arginine 
per 100 gm. of muscle. 


Silver-baryta fraction 


Duration of autolysis | determi-_ guchi Saka- 
nation nation | nation of 
| | nation | pee | 
gm gm | per cent | gm. gm | gm 
Original 0.98 0.81 84 0.85 0.69 0.14 
Slices, 18 hrs.........| 1.04 | 0.64 | 62 | 0.90 | 0.56 | 
‘* + toluene, 70 | | | | | 
Hashed tissue + tol- | | | 
uene, 73 hrs........ | 1.05 | 0.64 | 61 | 0.90 | 0.56 | 
Hashed tissue + tol- | | | | | 
uene, 22days...... | 1.05 | 0.41 | 39 | 0.89 | 0.36 | 0.47 


Sakaguchi method as used in our laboratory (3). Both arginine 
and octopine give a color with the Sakaguchi reagents which can 
be quantitatively compared with the color produced by an arginine 
standard when the color filter is used. On the other hand, the 
arginase-urease method indicates the amount of arginine alone, 
since the hog liver arginase preparation does not produce urea 
from octopine. The difference between the two analyses was 
assumed to be octopine. The results of these analyses of the 
original muscle before autolysis can be seen in the first line of 
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figures in Columns 2 and 3 of Table 1. The results are expressed 
in gm. of arginine per 100 gm. of muscle. The percentage of the 
total guinidine (Sakaguchi method) which is arginine is given in 
Column 4. It can be seen from Table I that before autolysis the 
amount of total guanidine as determined by the Sakaguchi method 
was equivalent to about 1 gm. of arginine per 100 gm. of muscle. 
About 84 per cent was true arginine. The remainder, or 16 per 
cent of the total, was octopine, if we assume that octopine was the 
only other compound determined by the Sakaguchi method. 
After these initial analyses, the various portions of tissue were 
permitted to autolyze in the cold room, and samples were removed 
at frequent intervals for analysis by the methods just described. 
A few of the representative determinations are recorded in the 
appropriate columns of Table I. The autolyzing flask from which 
the sample was removed, and the duration of the autolysis at the 
time of the removal of the sample, are given in Column 1. Thus 
in the tissue slices the total guanidine determined by the Sakaguchi 
method and recorded in Column 2 did not decrease during autol- 
ysis. Indeed, it apparently increased, which is to be expected if 
octopine were formed from arginine, since, with the Sakaguchi 
reagents, octopine produces a 20 per cent greater result than an 
equimolar quantity of arginine. On the other hand, the propor- 
tion of arginine in the tissue slices decreased rapidly, as indicated 
by the arginase determinations listed in Column 3. The propor- 
tion of arginine fell from an initial value of about 84 per cent of the 
guanidine by the Sakaguchi method to 10 per cent in 65 hours of 
autolysis of the slices. Reciprocally, the amount of octopine 
increased during the same period as shown by the increasing 
difference between the Sakaguchi and arginase-urease determina- 
tions, assuming that this difference is largely due to octopine. 
The autolysis of the tissue slices to which toluene had been added 
resulted in a similar formation of octopine from arginine, indicating 
that toluene does not affect the reaction. The rate of octopine 
formation was slower in the hashed tissue than in the tissue slices. 
As a check on the validity of the conclusions which were drawn 
from the results of the arginase-urease and Sakaguchi determina- 
tions, additional analyses and isolations of octopine were carried 
out on the extracts as follows: The main portions of the extracts 
(after removal of samples for the preliminary analyses) were 
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treated with silver nitrate and barium hydroxide (pH 10) in order 
to precipitate both arginine and octopine. The precipitate was 
removed by centrifugation and was washed several times with 75 
ec. portions of saturated barium hydroxide solution. The pre- 
cipitate was suspended in water, made acid with sulfuric acid, and 
decomposed with hydrogen sulfide. The filtrate from the silver 
sulfide was analyzed by the Sakaguchi method. ‘The value for 
this analysis, again expressed as gm. of arginine per 100 gm. of 
muscle and recorded in Column 5, gives an indjcation of the 
amount of loss sustained in the precipitation with silver-baryta. 
The solution was made just faintly acid to Congo red with sulfuric 
acid and was treated at the boiling point with a saturated aqueous 
solution of flavianic acid for the precipitation of arginine. After 
standing overnight in an ice box, the flavianate precipitate was 
filtered off, washed several times with small portions of dilute 
flavianic acid, dried, and weighed. Samples of the flavianate 
precipitate were analyzed by the arginase method after the 
flavianic acid was extracted with butyl alcohol and ether. The 
figures for arginine thus determined are shown in Column 6. 
These values were checked by calculation of arginine from the 
weight of the flavianate and by analysis of the flavianate samples 
by the Van Slyke amino nitrogen method. Suitable agreement 
was obtained, but the results are not recorded. All results were 
corrected for the solubility of arginine flavianate. Finally octo- 
pine was isolated as the picrate from the flavianate filtrates after 
extraction of the flavianie acid with butyi alcohol and ether. The 
amount of octopine is given in Column 7 after correction for solu- 
bility of octopine picrate. The actual figures are calculated as 
gm. of arginine in order to permit comparison with the other 
figures. The results of these additional analyses and isolations 
confirm the original conclusions drawn from the Sakaguchi and 
arginase-urease determinations. Thus in the tissue slices before 
autolysis a large amount of arginine was obtained as the flavianate, 
but only a small amount of octopine was isolated as the picrate. 
After autolysis of the slices for 65 hours, the quantity of arginine 
had decreased to a very small amount, while the proportion of 
octopine had increased reciprocally, as shown by the isolation of a 
relatively large amount of this compound as the picrate. The 
octopine picrate samples were identified by comparison of melting 
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points with a known sample, by micro-Kjeldah! analyses, and by 
isolation of the free compound after removal of picric acid. 
SUMMARY 


1. Evidence has been presented that arginine is the precursor 
of octopine in autolyzing scallop muscle. 7 

2. The rate of formation of octopine is more rapid in sliced than 
in hashed tissue. 
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